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ABSTRACT:

Aim: The climate change presents a holistic challenge to fossil energy consumption requiring
adaptation of renewables where renewable hydrogen’s role is evitable. Regulation provides the
basis of business in the green transition and companies recognizing their regulatory position can
gain competitive advantage. While environmental regulation is well studied in economics, its
role in strategic management remains unexplored. This study explores how environmental reg-
ulation shapes firm strategy and business model innovation (BMI), altogether competitive ad-
vantage in the renewable hydrogen industry.

Methodology: the study adopts a qualitative case study. The thesis consists of both an empirical
study based on the existing theory for academia and novel findings, as well as a practical busi-
ness development case. Literature is reviewed from business models, business model innovation
and environmental regulation with their perspectives on competitive advantage. The empirical
results are conducted with a case study approach, drawing on 12 semi-structured interviews
conducted with professionals in the renewable hydrogen regulation and business. Furthermore,
the Gioia method was utilized to induce the rich qualitative results, with addition of context
analysis of renewable fuels of non-biological origin (RFNBO) regulation and value system.

Results: The findings indicate that regulation functions as the market-forming antecedent: it
creates the offtake basis of the whole RFNBO industry, there by setting boundary conditions for
firm actions and gaining competitive advantage. The findings develop a concept of regulatory
position as a two-sided strategic variable for high context regulatory driven industries. First, fo-
cal firm’s strategy and regulation are interlinked, how firms engage in business in relation to
focal regulation. Secondly, understanding value system’s relevant regulation indicates predicta-
bility on market opportunities and risk level anticipation.

Theoretically, this study’s contributions lie in examining regulation as a moderator of different
steps in the process of gaining competitive advantage between strategy, BMI and performance.
For managers, the findings on regulation’s strategic impact may enable managers to better un-
derstand how regulation impacts hydrogen value systems’ development and develop their firms’
strategic orientation with regulation. For policy makers, the study advocates regulation’s impact
for business and investment decisions by highlighting the importance of trustworthiness on pol-
icies defining bankability of renewable energy solutions.

KEYWORDS: Competitive advantage; Regulation; Business model innovation; Renewable hy-
drogen; e-Fuel; Strategy; P2X value chain
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1 Introduction

The global energy industry is going through an enormous change from the pressure of
climate change and sustainable development. The European Parliament and the Council
(EU) (2024a) released a revised version of the Renewable Energy Directive 2023/2413
(RED 1ll) in November 2023 aiming to boost the competitiveness of the renewable energy
solutions. The European Commission (2024a) targets to achieve 42,5% energy consump-
tion from renewable sources by 2030 compared to the actual 24,5% share in 2023. For
hydrogen and renewable fuels business, the RED Ill directive is a leading framework that
pushes companies to invest in renewable hydrogen and fuels by mandating a minimum
share obligation for distributors to supply Renewable Fuels of Non-Biological Origins
(RFNBOs). The member states have relatively large freedom in defining the directive’s
legislation to local conditions, directing where and how the investments of renewable
hydrogen plants are made, and how the demand for renewable hydrogen will evolve
across Europe. Practically, RFNBOs are fuels derived with chemical link with hydrogen
(EC, 2024a), defining a large scope in upstream production, but RENBOs can include fuels
derived with electricity as the energy carrier, e-Fuels. Particularly, e-Methanol as a down-
stream solution is promising solution for hard to abate sectors such as the maritime.
Altogether, the European Union’s regulation for sustainable transition poses cross-sec-

toral strategic impacts.

The transportation and energy industries are major sectors for overcoming the grand
challenge presented by the climate change. The whole energy industry was responsible
for 73,3% out of the global greenhouse gas (GHG) emissions which totaled at nearly 50
billion tons of carbon dioxide in 2020 (Richie, 2020). Specifically, the transport sector was
responsible for 16,2%. The RED Il directive mandates changes for the European
transport and industry energy use since the renewable fuels are not economically com-
petitive against fossil fuels yet, until political change (EC, 2024b). Furthermore, regula-
tion lifts the demand to be at sufficient level with sufficient price (Giehl et al., 2023,
10356; Tholen et al., 2021, p. 5). However, the ramp-up of the green hydrogen economy

requires collaboration of multiple sectors across its value chain consisting of renewable



energy sources, the oil and gas industry, and downstream end-use demand. Overall, mar-
ket players that want to participate in the hydrogen trade and value chains of RFNBOs
face regulation inevitably since regulation determines conditions on which business will
be made. Therefore, understanding opportunities and challenges stakeholders face from
regulation is vital for achieving competitive advantage in the renewable hydrogen indus-

try.

The business model (BM) is dynamic approach to strategic management that has
emerged into many fields and topics in the past decades. A common perspective is that
the business model describes the earning logic of how value is captured from firm’s value
creation and delivery to the customer (Teece, 2018; Massa, 2024). Although, there is not
an incumbent definition of BM among research (Massa et al., 2017; Zott et al., 2011),
the literature tries to answer common themes of questions such as “how value is cre-
ated”, and “what is firm strategy based on the business model”. Business model innova-
tion (BMI) literature tries to answer questions “how does innovating BM sustain com-
petitive advantage?” (Foss & Saebi, 2017, p. 201). Although demand side activities, cus-
tomer understanding and knowledge offer sources of competitive advantage (Wirtz &
Daiser, 2018; Teece, 2018), far less attention is given to regulation’s impact. Especially,
understanding customers requires understanding their regulatory context. Overall, busi-
ness model and BMI literatures seem to have scarcity on regulation’s role in gaining com-

petitive advantage.

1.1 Research gap

A key question in strategic management literature throughout its various schools is why
do some companies make exceptional profit over their rivals? Strategic management re-
search such as positioning school (e.g., Michael Porter), as well as business model liter-
ature (e.g., Osterwalder & Pigneur, 2010; Amit & Zott, 2012), consider industry-wide
forces’ impact on competition. Firms unique positioning in its industry, and the industry’s

characteristics offer explanation for competitive advantage (Porter, 1991; Massa et al.,



2017, p. 95). The government and regulation act as catalyst igniting force for change
(Porter; 1991), change in a firm’s both external and internal factors results in system in-
novation (Shao et al., 2020). Economics study how environmental policies and regulation
influence firm competitiveness (Fabrizi et al., 2024). While business model literature ex-
plores how value is created and captured from both supply and demand sides, there is a
need to understand how these perspectives explain performance differences compared
to traditional theories of value creation (Supply side -theory), that is how much industry

ecosystem matters in explaining firm performance (Massa et al., 2017, p. 95).

This thesis examines how firms can gain competitive advantage amid emerging environ-
mental regulation through a holistic case-study of the emerging renewable hydrogen-
based fuels’ industry. Kouamé and Langley (2018) suggest that recent strategy research
emphasizes the importance of linking processes and practices to broader organizational
outcomes in order to enhance managerial relevance. Following this reasoning, this study
examines how stakeholder’s interpretations of the emerging EU hydrogen regulations
shape strategic decision making and business models at industry level. Research on re-
newable hydrogen in engineering, value chain studies, economics and policy are rising
in numbers. However, strategic management studies regarding hydrogen regulation and
industry are to be examined more. First, the thesis contributes by how firms can gain
competitive advantage by understanding environmental regulation in the emerging re-
newable hydrogen industry. Second, the thesis explores regulation’s strategic impact for

the case company, Andritz. Thus, the figure 1 presents an illustration of the research gap.
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Figure 1. Research gap.

1.2 Research question, objectives and structure

Given the emerging status of, and the European Union’s regulation for the RFNBO indus-
try, this thesis explores how firms gain competitive advantage through business model

innovation by understanding regulation. Thus, the research question:

RQ1: How does environmental requlation impact firm strategy, BMI and altogether competitive
advantage in the renewable hydrogen industry?

The following research objectives are set to answer the research question and define an
explicit scope:
1. To describe competitive advantage through business models and business model
innovation literature.
2. To describe environmental regulation’s influence on competitiveness, and thus

competitive advantage.
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3. To figure out the Renewable Energy Directive’s RFNBO mandates’ meaning for
competitive advantage in the renewable hydrogen industry.

4. To identify key stakeholder and customer needs in the RFNBO value chain regard-
ing regulation and evaluate how regulatory knowledge influences strategic posi-
tions by utilizing strategy tools (confidential).

5. To describe conclusions for Andritz’s strategy and business (confidential).

The structure of the thesis divides into five main chapter. Following the introduction, the
theoretical review focuses on competitive advantage of business models and business
model innovation, as well as provides a review on environmental regulation theory. The
third chapter, research methodology explains how the data is collected and analyzed.
The fourth chapter begins first by presenting the contextual findings that are the regula-
tory analysis and the value chain analysis. Following the strategic analysis, the empirical
findings are presented. The final chapter, discussion begins with theoretical contribu-
tions. The managerial implications are presented for the general public only, while An-
dritz’s results are kept confidential. Policy recommendations are included, which is fol-
lowed by suggestions of future research as well as limitations regarding the study and its

subject.
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2 Theoretical background

The literature review begins with review of business model (BM) literature. The BM lit-
erature review defines business model, how BM links to competitive advantage and its
elements. The BM literature is followed by review of key theories in environmental reg-
ulation and compliance. Thirdly, business model innovation (BMI) literature explains how
competitive advantage is sustained. Finally, a theoretical framework is synthesized to

create a tool for solving the research question and problem.

2.1 Business model

When firms innovate and aim to bring new offerings to markets profitably, business mod-
els communicate the value creating procedures aligned with firm’s strategy. Business
models describe how value is created and delivered to customer and how part of the
created value is captured in form of profit by the firm (Teece, 2010, p. 173; 2018). How-
ever, definition of business model is not as simple as stated in the previous sentences.
The term has fragmented definition and meaning between different scholars (Zott et al.,
2011; Bigelow & Barney, 2021; Ritter & Lettl, 2018), as well as varied interpretations
(Massa et al., 2017). Ritter and Lettl (2018, p. 1) suggest business model is illustration on
how firms position sets in industry’s value chain and in which economic value is created,
relating to the Resource-Based View -theory. Lanzolla and Markides (2021) state similar
adoption of BM definition that BM bridges firms value creating and capturing activities
between internal and external forces of a focal firm. Other common themes include that
BM is an illustration of firm’s strategy on how firm differentiates itself from rivals (Bige-
low & Barney, 2021), as well as BM communicates how new innovations are commer-
cialized (Zott et al., 2011), and business models as gateway to the sustainable transition

(Aagaard, 2024; Bidmon & Knab, 2018, p. 904).

Although, the prior statement of fragmented definition for BM, scholars agree that busi-

ness model describes at least how an organization functions and foremostly how it
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creates and captures value (Bidmon & Knab, 2018; Massa, 2024). However, Bigelow and
Barney (2021, p. 529) point out that the firm value creation definition resonates the most
popular definition of strategy, positioning. Casadesus-Masanell and Ricart (2010) argue
that BM is illustration of strategy, and strategy is not BM, but both resonate managerial
choices. Teece (2010, p. 172) argues business model communicates the architecture of
value creation, but not necessarily profit-oriented (Massa, 2024). The table 1 presents
business model definitions among scholars, each definition’s theoretical lens, and arti-
cles’ method are provided for comparison. Overall, BMs involve value creation, delivery,
and capture, as well as strategic advantage, sustainability, commercializing innovation
among other themes. For the thesis, business model is a strategic concept/instrument
that communicates value creating, delivering and capturing activities of an organization,
focal firm influenced by strategy. Therefore, BM means not just what firm offers, but how
it offers it, to whom, and how value is monetized profitably, providing a distinct position
from rivals. This aligns with perspectives from Teece (2010; 2018), and Zott and Amit

(2007), forming a static picture of business yet dynamic with its elements.
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Author(s) Business model definition Theoretical Method

(Year, page) lens/perspective

Lanzolla and | “an activity system that is centered on a | Strategic management, | Theoretical

Markides (2021, p. | focal firm and spans its internal/ external | system interdependen- | discussion

542) boundaries to bridge value creation and | cies between external | paper.
capturing” and internal activities.

Zottetal. (2011, p. | “At a general level, [the BM] referred to | E-business (internet), | Literature

1022) as statement, a description, a represen- | strategy, innovation and | review
tation, an architecture, a conceptual tool | technology manage- | (1975-2009,
or model, a structural template, a | ment. 103 studies)

method, a framework, a pattern, and a
set.”

Teece (2010, p. | “the design or architecture of the value | Strategic management. Landmark

172) creation, delivery, and capture mecha- | Meets particular cus- | article. Con-
nisms it employs.” tomer need. Manage- | cept discus-

ment’s hypothesis. sion.

Teece (2018, p. 40) | “architecture for how a firm creates and | Dynamic capabilities in- | Conceptual
delivers value to customer and the mech- | fluence towards BMs. theoretical
anism employed to capture a share of synthesis.
that value. It’s a matched set of elements
encompassing the flows of costs, reve-
nues, and profits.”

Massa et al. (2017, | “description of an organization and how | Question whether BM is | Landmark

p.73) that organization functions in achieving | new strategy. Point out | Literature
its goal (e.g., profitability, growth, social | the scope of lens when | Review.
impact, ...)” defining strategy and

BM.

Casadesus- “the logic of the firm, the way it operates | Interdependencies in ac- | Landmark

Masanell and Ri- | and how it creates value for its stakehold- | tivity system. Strategy is | article.

cart (2010, p. 196) | ers--" separate from BM.

Chesbrough Fulfils set list of functions: articulates | Strategic management. | Case study

(2010, p. 355, | value proposition, identifies market seg- | Open innovation. Activity | of  Xeros.

adopted.) ment, defines value chain structure, de- | and value system per- | Landmark
tails revenue mechanisms, estimates | spective, where BM is | article.
cost structure and profit potential, de- | above these as overall
scribes firm position among value sys- | concepts.
tem, and formulates strategy.

Ritter and Lettl, | “a business model explains how an actor | Strategic management. | Discussion

(2018, p. 1) is positioned within a value network or | Theoretical mechanism. | on earlier
supply chain, and how business turns in- | Review of five distinct | literature.
puts into outputs while fulfilling its goal.” | perspectives on BM.

Bigelow and Bar- | Discuss five conceptual definitions: activ- | Conceptual, strategic | Compara-

ney (2021) ity system and value creation theory, BM | management based on | tive analysis
as strategy implementation, monetiza- | Resource-Based  View. | of the BM
tion logic, organizing mechanism, and | Contrasting strategy and | concept.

holistic view of all these together.

BM perspectives

Table 1. Business model definitions (Author’s interpretation).




15

The developments in business model literature divides to three distinct time periods ac-
cording to Budler et al. (2021) in their bibliotic review. Originally the BM literature
emerged on the internet-business boom in the 1990s to early-2000s (Budler et al., 2021;
Zott et al., 2011). The second general theme in BM literature evolves around strategy
and value creation, a holistic and system-level approach (Budler et al., 2021; Zott et al.,
2011). Foremostly, the second period involves consolidation of the BM paradigm (Budler
et al., 2021). Thirdly, the most recent period includes BM research into new research
communities outside strategic management, such as sustainability, industry 4.0 and net-
works, and BM’s part in societal transition (Foss & Saebi, 2018, p. 9; Budler et al., 2021;
Bidmon & Knab, 2018). In complementary, Foss and Saebi (2017, p. 202) state that the
BM literature divides into three segments that are the business model as classification
of business, BM as firm performance, and BM as unit of innovation. In their literature
review, Zott et al. (2011, p. 1023) state the three main topics in which the BM literature
studies are internet-business, strategy and competitive advantage, and thirdly, innova-
tion and technology. In conclusion, the BM literature focuses on variety of topics and

offers a lens to analyze contemporary themes for strategic management.

Industry recipes. In the traditional strategy positioning, value creation comes from sup-
ply side activities but in comparison the business model perspective involves demand
side activities that allow value creation as well as interdependencies between activities
(Massa et al., 2017, p. 75; Lanzolla & Markides, 2021, p. 550). In comparison, demand
side consists of customers and other stakeholders down the value system that can par-
ticipate in value creation. The management’s hypothesis demonstrates what customers
want, how they want it, and how companies can organize to deliver and capture those
opportunities profitably (Teece, 2010). When firm’s logic of operating repeats over time,
dominant business models’ logic form (Bidmon & Knab, 2018, p. 906), and moreover,
firms’ together form an industry logic. Overall, the industry logic recalls the archetype
perspective of well-known and recognizable BM logics (e.g. Ritter & Lettl, 2018, p. 2-3).
Managing competitive advantage through dominant logics should offer a tool of naviga-

tion similarly to as Porter (1991) argues on dynamic perspective of strategy. Therefore,
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it is safe to argue BMs as logic of business mirror industry structure and forces, indicating

focal industry’s pathways for competition, thus improving competitive advantage.

Competitive advantage and business models: continuing on strategy perspective, schol-
ars argue business model is illustration of strategy and how company positions itself
uniquely from competition (Casadesus-Masanell & Ricart, 2010, p. 196; Bigelow & Bar-
ney, 2021, p. 531). Moreover, Bigelow and Barney point out the unique position perspec-
tive recalls Michael Porter that strategy is about trade-offs. Specifically, strategy means
approach and position to market, and it dictates how the BM forms (Teece, 2010). Fur-
thermore, tactics differentiate rivaling BMs in the constraint of the strategic positioning
made initially (Casadesus-Masanell & Ricart, 2010). Controversially, scholars argue that
a well-designed BM is itself a competitive advantage. Other perspectives include that
BM'’s competitive advantage forms when hard to imitate (e.g., Teece, 2010, p. 173 & 180;
2018; Kindstrom, 2010, p. 481), when BM is innovation mechanism for differentiation
(Amit & Zott 2012), or where BM is independent source of innovation yet influenced also
by strategy (Heikkila et al., 2018; Lanzolla & Markides, 2021). Overall, as much as BM
offers a source for competitive advantage, it is influenced by strategic choices, tradeoffs

and overall firm strategy.

However, industry positioning and strategy are not the only ways of looking at gaining
competitive advantage. A second dominant perspective is the resource-based view (RBV)
of firm that firm’s unique resources create competitive advantage (Massa et al., 2017;
Lanzolla & Markides, 2021). The RBV theory suggest firm’s unique resources and capa-
bilities offer competitive advantage over rivals (Lanzolla & Markides, 2021). Moreover,
sustaining resources as advantage, refers to dynamic capabilities which influence to-
wards business model, is evitable (Teece, 2018). Dynamic capabilities’ linkage to BMI is

discussed in the chapter 2.3.

Overall, the strategic management view (e.g. Teece, 2010; Chesbrough, 2010) argues

that strategic choices of positioning influence business model. The statement is further
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supported by Kraus et al. (2020, p. 13) who argue that the trade-offs, managerial choices
made based on firm strategy are vital part of BM’s success and rise importance especially
when boundary context changes (e.g., see Foss & Saebi, 2018). A result of the managerial
choices are interdependencies in the selected BM that further influences competitive
advantage (Amit & Zott, 2012, p. 46). Interdependencies highlight not only firm’s value
chain’ but also the opportunities to adapt competitive advantage between stakeholders
(2012, p. 46-47). Furthermore, it is safe to state that the dilemma between the two par-
adigms in not that BM is or is not firm strategy, but that unique source of competitive
advantage follows positioning. Altogether BMs offer advantage by both resources and

activity systems from both supply and demand sides (Lanzolla & Markides, 2021).

Regardless of whether BM constitutes strategy or serves as its outcome, outcome of the
competitive advantage is reflected in performance. According to Porter (1991) competi-
tive position leads to superior and sustainable financial performance. Similarly, Foss and
Saebi (2017) state that outcome of changing business model ultimately leads to im-
proved financial performance. Either by enhancing costs in focal firm’s value chain or
increasing customer’s willingness to pay, a BM can create more value (Zott & Amit, 2007).
Simply, the term competitive advantage indicates that firm has something better over

its rivals that allows to excel for advantage that results in improved performance.

2.1.1 Business model elements

Regardless of which context business model serves, business models consist of parts for
articulating the logic of value creation. Mapping different parts of business model allows
to innovate to alternative solutions by communicating them (Chesbrough, 2010, p. 359).
Different authors argue different amounts (Bigelow & Barney, 2021), and different ap-
proaches/perspectives (e.g., see Ritter & Lettl, 2018). Casadesus-Masanell and Ricart
(2010) argue BM'’s parts divide between managerial choices of value chain and the con-
sequences of the choices. A highly citated and references (Massa et al., 2017; Foss &

Saebi, 2017) view of business model is the Business Model Canvas by Osterwalder and
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Pigneur (2010) that consists of nine elements. The BM Canvas communicates the im-
portant capabilities and resources’ alignment on the customer segments, and the BM'’s
logic is described through the nine elements (Ritter & Lettl, 2018, p. 3). Especially, the
core purpose of the BM paradigm is argued to be customer focus, that is about what is
offered to whom and everything else evolves around this concept (e.g. see Osterwalder
& Pigneur, 2010; Christensen, 2016; Wirtz & Daiser, 2018; Keiningham et al., 2020). Os-
terwalder and Pigneur suggest that identifying core customer segments allows to iden-

tify unique value proposition each one require.

Value: a core part of business model is the customer value proposition that solves an
important problem or need for the targeted customer (Christensen, 2016). Sjodin et al.
(2020, p. 161) argue in the modern view that value is created during customer’s use of
the solution, while in the traditional view value is created at the point of sale. Thirdly, in
outcome-based BMs, value is co-creation of both the provider and customer (Sjodin et
al., 2020, p. 161). Bowman and Ambrosini (2000) suggest that value divides between
perceived use value and exchange value, and firms can gain competitive advantage by
growing their difference, surplus value. Bowman and Ambrosini (2000) point out that
the chosen offering gains monopoly at the moment of exchange since no other solution
is able to offer similar surplus, net bundle of benefits. In its essence, value proposition
creates competitive advantage over rivals (Osterwalder & Pigneur, 2010, p. 22). Moreo-
ver, behind value promise is distinct customer segment to which value is tailored for
(Teece, 2010, p. 173, & 180). Perceived value is subjective (Bowman & Ambrosini, 2000),
it can be categorized and dimensionalized by variety of variables (Osterwalder & Pigneur,
2010, p. 23-25). Osterwalder and Pigneur’s definitions include that value can be function
or performance related but also economic, reduce risk and uncertainty, or offer accessi-
bility and convenience. In comparison, Porter’s generic strategy differentiates competi-
tive, firm’s value positions into product differentiation, cost leadership and focus. Value
is factor for competitive advantage since it addresses the customers need, problem, and
foremostly, creates advantage by doing it better than alternative solutions. Therefore,

value proposition illustrates the competitive advantage by its qualities.
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Value creation is the action of creating the value promise. Miiller et al. (2018) define
value creating as tasks which firm performs in order provide the value promise. The tasks
consist of activities the focal firm performs but also tasks performed by suppliers in the
value chain (Mller et al., 2018). Therefore, value creation refers to the value creating
resources, partners and activities of the firm’s business model (Osterwalde & Pigneur,
2010). As mentioned in BM’s contribution to competitive advantage, customer can also
participate in value creation. That is especially, in the case of digital era, multi-sided plat-

forms where customer data can be incentivized further (Massa et al., 2017).

Zott et al. (2011, p. 1031) state business models in the field of strategy conclude that one
key area is networked value creation. Zott et al. (2011) state also the literature agrees
business model is not just linear description of how value is created from supplier to
customer but involves complex illustration between multiple partners. Altogether, con-
tributing to competitive advantage by mirroring firm’s interdependencies, efficiency and
cost structure. Value creation contributes to competitive advantage especially by the
managerial choices, how a value chain is set. Managerial choices not only highlight firm’s
network interdependencies, but the marginality of different value creation process, and

especially the risk characteristics firm is exposed to.

Value Capture of BM includes that BM details revenue mechanism (Chesbrough, 2010,
p. 355). Revenue stream divide into two grounding types: one-time transaction revenues
and recurring revenues from ongoing delivery process or post-purchase support (Oster-
walder & Pigneur, 2010, p. 30). Furthermore, revenue streams can be distinct to that of
the value proposition and BM, and the pricing mechanism can also be divided between
fixed and dynamic pricing (Osterwalder & Pigneur, 2010, p. 31-33). On the opposing side
of revenue is the cost structure that demonstrates where and which parts of the BM
create costs (Osterwalder & Pigneur, 2010, p. 41). Similarly, cost structure is tied to the
value proposition and BM whether it is cost-driven or value-driven (Osterwalder &

Pigneur, 2010, p. 41). In essence, value capture is how focal firm is compensated by
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customers in sustainable way (Miiller et al., 2018). Beyond focal firm value capture is
distributing the profits among value chain and stakeholders such as providers, customer
and partners (Sjodin et al., 2022, p. 161). Furthermore, value capture’s relation to com-
petitive advantage is important not only since value proposition, that value capture is
part of by price, gains monopoly at the moment of exchange but because it demon-
strates firm’s strategic position. On the basis of firm operating, we know that firm’s fi-
nancial performance, that consist of revenue and costs, is indicator of competitive ad-

vantage.

2.1.2 EPC business model

The engineering, procurement and construction (EPC) business model consists of full-
scale deliverable solutions as the main value proposition. EPC life cycle begins with fea-
sibility studies, optimizing and procuring the supply chain. Detailed model and planning
are made in the third stage, FEED study. Result of the three phases is final investment
decision (FID), followed by an actual EPC project of construction and commissioning
(COD) and finally, the operation of the solution (Andritz, 2025a; Karre, 2022). Core value
creating resources of EPC-provider are the know-how engineering, technological and
project management capabilities to provide the value promise (Schwartz, 2024), a work-
ing solution with certain expected level of results. Although, there are differences how
the project is delivered regarding its management structure, size and type (Schwartz,
2024; Karre, 2022, p. 4-5). Foremostly, EPC contractor prevails majority of the construc-
tion project’s risks depending how much customer wants to manage the project
(Schwartz, 2024). EPC companies can specialize in set specific industry/sector or to vari-
ety of different sectors, and also by geographic focus (Karre, 2022). EPC-providers can
also vary by competitive attributes, such as licensed technologies and construction labor
forming the EPC firm’s position in network. Additionally, source of income could be indi-
cated for EPC provider’s position, especially by focus on a specific part of project lifecy-
cles. However, the renewable hydrogen industry is only forming and finished EPC pro-

jects and contract types remain abstract.
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2.2 Environmental Regulation

Changes in the business environment and its conditions are recognized as a key igniting
force for firms to adapt their competitive advantage among variety of scholars and fields
in strategic management literature (e.g., Porter, 1991; Teece, 2010, p. 1; Barney & Bige-
low, 2021; Teece, 2018, p. 43; Zott et al., 2011; Massa et al., 2017). In the second half of
literature review, environmental regulation theory is reviewed to understand regula-
tion’s impact on competitiveness. Firstly, through these theories is to build theoretical
basis how regulation moderates BMI and competitive advantage. Secondly, a review on
the environmental regulation theories gives understanding on how the revised RED sets
apart from other regulation. Finally, the section provides information for the theoretical

framework.

2.2.1 Environmental regulation

Review of theory on environmental regulation is conducted to understand the revised
RED, its RFNBO mandates and penalties’ placement among different environmental pol-
icy instruments, and what these mean for competitive advantage in the emerging re-
newable hydrogen industry. Porter (1991) argues government and regulation act only as
a starting force or catalyst in the boundary of national competitive advantage. However,
regulatory change is inevitable to lift sustainable solutions to competitive position in or-
der to overcome the climate change and decarbonization (Quarton & Samsatli, 2021).
Environmental policies divide in many ways: grounding approaches come from energy
economics, both micro- and macroeconomics where technological innovation is sup-
ported with economics approach (e.g., Shao et al., 2020). In essence, environmental reg-

ulation is about how policies promote sustainable technologies and solutions.
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Grounding theories of environmental regulation competitiveness include the Pollution
Heaven Hypothesis and the contradicting theory of that, the Porter hypothesis (PH). Por-
ter and van der Linde (1995) argue that a well-designed environmental regulation leads
to competitive advantage and profits exceeding the private cost caused by innovation,
while beneficial social cost is achieved simultaneously. The pollution heaven hypothesis
on the contradictory argues that regulation poses higher private costs for firms and
causes them to move into countries with relaxed environmental regulation
(Dechezleprétre & Sato, 2017, p. 183). Porter and van der Linde (1995) especially argue
in the favor of dynamic theory of competitiveness since technology and customer needs
are not static variables but they evolve over time. Furthermore, the Porter hypothesis
divides into three versions of weak, narrow, and strong that vary by level of context, and

each has varying support from academia (Fabrizi et al., 2024, p. 170).

While the two hypothesis mentioned prior argue on environmental regulations and eco-
nomic competitiveness’ relationship, the compliance hypothesis suggests firms follow
regulation to avoid negative consequences (Wu, 2009). The two grounding compliance
theories include the green consumer theory, and the strategic behavior theory (Wu,
2009). The strategic behavior theory argues that firms over-complying secure competi-
tive advantage to future in order to be ready when regulation intensifies (Wu, 2009).
However, | suggest that a third way to compliance is that firms comply and purposely
avoid breaking the rules to avoid harm on reputation, and in the case of RED Il compli-

ance means avoiding penalties.

2.2.2 Regulation’s effect and firm responses

Dechezleprétre and Sato (2017) suggest environmental regulation affects firms in differ-
ent ways varying by direct and reactive effects, in general firms’ competitiveness meas-
ured by industry location, productivity, and trade. Specifically, policies affect relative pro-
ductions costs, to which firms respond with decisions on production (Dechezleprétre &

Sato, 2017). The first order effects impact relative production costs, while second-order
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effect include responses by focal firms, and third order effects impact broader socioeco-
nomic outcomes (Dechezleprétre & Sato, 2017). Especially, price setting policies guaran-
tee certain return against the costs but holds risk when demand is uncertain (Leisen et
al., 2019). Dechezleprétre and Sato’s (2017) summary of different effects, from the first
to third order are presented on table 2. In practice, regulation can therefore act both as

a constraint and moderator of managerial choices in business models.

Table 2. Regulation effects on competitiveness (Dechezleprétre & Sato, 2017).

First-order ef- Second-or- Third-order
fect der
Cost impacts  Firm re- Economic Technology Interna- Environ-
sponses Outcome outcome tional mental
Changes to Production Profitability. Product in- Trade Pollution
relative costs | volumes. novation flows levels and
intensity
Productive Employ- Process in- Invest- Pollution
prices. ment novation ment lo- leakage
cation
Productive Market Input saving = FDI
Investments. Share technolo-
gies
Investment Total factor
in abate- productivity
ment. (TFP)

Overall, government is recognized as a catalyst for firms to engage in sustainable inno-
vation (Mazaheri et al., 2022). Governments can employ variety of mechanisms for pro-
moting sustainable solutions. Command-and-control mechanisms such as penalties
force firms to comply with regulations by law (Dechezleprétre & Sato, 2017). While mar-
ket-based instruments such as taxes, subsidies, emission trading schemes (ETS), and car-
bon border adjustments (CBA) provide economic incentives (Mazaheri et al., 2022; Fon-
tagne & Schubert, 2023). A general way to categorize environmental regulation is pro-

motion of new technology and solutions, and penalization of old, polluting technology
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(Quarton & Samsatli, 2021). Quantity-driven incentives are known as Renewable Portfo-
lio Standards (RPS) drive the market to purchase a quantity of specific resource and typ-
ically involve tradable certificates and penalties if not met (Quarton & Samsatli, 2021).
The technology of renewable hydrogen production, electrolysis exists but achieving com-
petitiveness requires policy support to reduce costs and create the market (Quarton &

Samsatli, 2021).

2.3 Business model innovation

While business model demonstrates logic the customer, value proposal and value creat-
ing activities among others, business model innovation (BMI) demonstrates how
changes to the business model itself are made in order to maintain competitive ad-
vantage. Chesbrough (2010) argues business model innovation demonstrates changes to
the business model for bringing new ideas, value propositions to the market. Similarly,
Sjodin et al. (2020) quote Foss and Saebi (2017) that BMI means changing the value cre-
ating, delivering and capturing parts of business model and/or the value creating archi-
tecture. Moreover, BMI targets one or more of the key components of BM (Foss & Saebi,
2017, p. 216). Specifically, the outcome of BMI can mediate change to existing parts of
BM or result in novel parts to BM (Heikkila et al., 2018, p. 109). Zott and Amit suggest
(2012, p. 41) BMI maintains competitive advantage by introducing novel ways of doing
the business with higher barrier of imitation than just establishing new product/service.
Because competitive advantage is mediated through BM that basis on strategy, innovat-

ing BM becomes powerful way of sustaining competitive advantage.

Nonetheless, BMI’s ultimate goal is to gain strategic advantage (Andrei et al., 2022, p.
1092), and to sustain competitive advantage (Zott et al., 2024, p. 28). The strategic man-
agement view (e.g. Teece, 2010; Chesbrough, 2010) suggests that the strategic goals
define BMI (Heikkila et al., 2018, p. 122). A central dilemma emerges over causality: does
an innovated business model mediate competitive advantage directly, or is competitive

advantage primarily strategy driven (e.g., see Foss & Saebi, 2017, p. 218)? Wirtz and
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Daiser (2018, p. 22) highlight the often-referred statement from Teece (2010) that a new
BM as the result of BMI can be a source competitive advantage when hard to imitate by
rivals. However, critics argue that BMI is rarely an independent driver of advantage; in-
stead, its impact is contingent on firm’s underlying strategic orientation and resource
base (Lanzolla & Markides, 2021; Teece, 2018). This tension highlights the interplay be-
tween strategy, resource configuration and BMI as a means of translating strategy into

competitive outcomes.

However, pioneering new BMI does not always lead to competitive advantage, especially
if a firm has high exit barriers on existing resources (Teece, 2018, p. 42). BMI carries high
level of risk, highlighting the importance of managerial choices, tradeoffs regarding both
the constitute that BM is, and strategy (Zhang et al., 2024, p. 122). On the other hand,
BMI aims to sustain higher profitability than product, service or process innovation as
mentioned. Lanzolla and Markides (2021, p. 543) suggest that unique business model
innovation does not offer superior tool of advantage, especially in industries with high

structural forces.

Overall, BMI’s desired result, competitive advantage is indicated by improved financial
performance (Foss & Saebi, 2017, p. 215 & 218). Firm performance is a way of measuring
BMI’s influence on competitive advantage since they are directly linked (Zhang et al.,
2024; Latifi et al.,, 2021). Moreover, BMI and firm performance are also measured
through efficiency growth, organizational capabilities and revenue growth which con-
tribute to firm performance (Latifi et al., 2021, p. 3). Altogether these are consequences
of BMI (Foss & Saebi, 2017, p. 218). The table 3 clarifies different perspectives between

scholars on the BMI paradigm and how BMI affects to competitive advantage.
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Author (Year, page) | BMI definition Competitive Ad- | Indication of Competi-
vantage tive Advantage (CA)
Mitchell and Coles, | Novel offering of product or ser- | Deliver  products | Superior financial re-
(2003) vices to customers; as well as | and services in | sults, growth and share-
novel value creating activities to | more profitable | holder value that are
make the novel offerings. way than rivals. sustained over time.
Chesbrough (2010) | Purpose of changing BM to com- | (BM) “Formulates | CA arises from organiza-

mercialize product/service innova-
tions. BMI is changing the parts of
BM.

the competitive
strategy by which
the innovating firm
will gain and hold
advantage over ri-
vals.”

tional (managerial) ca-
pabilities that enable
BMI. Maintaining the
new BM is as vital as the
BMI leading to it.

Amit and  Zott

(2012)

Adding novel activities; linking ac-
tivities in novel ways, changing
one or more party that perform
activities (p. 45).

Staying ahead of
competition. Prod-
uct innovation to
activity system (p.
42).

Novelty of change, lock-
in, complementariness
and efficiency.
Improved profit
gins.

mar-

Teece (2018, p. 45)

BMI is about adapting to the con-
text, than just technological/prod-
uct adaptation.

Arises from both
the BM and firm’s
resources (i.e. dy-
namic capabilities)

Value surplus for both
customer and firm.

Foss and Saebi | “designed, novel, nontrivial | Firm performance. | Create and capture
(2017, p. 201) changes to the key elements of more value than compe-
firm’s business model and/or the tition.
architecture linking these ele-
ments.”
Wirtz and Daiser | Changesto a BM, either evolution- | Satisfy  customer | Superior  profitability,
(2018) ary or radical. Based on Foss and | needs better than | links to value creation

Saebi (2017).

competitors  and

continually.

and firm performance.

Muller et al. (2018).

Similar as Foss and Saebi (2017).
Emphasize managerial input, and
novel changes beyond firm’s cur-
rent BM.

Ability to leverage
technological inno-
vation for strategic
leaderships, effi-
ciency and value
capture.

Outcome indication.

Latifi et al. (2021)

Refer to Foss and Saebi 2017.
Changes to BM, 3 dimensions:
value creation, delivery and cap-
ture.

Superior economic
return via innova-
tions hard to imi-
tate.

Overall performance in-
dicated either by effi-
ciency, revenue growth
and organizational capa-
bilities.

Kraus et al. (2020)

How innovations are executed, in-
troducing. Sustains long-term
competitive advantage and intro-
duces novel ways of doing busi-
ness.

Execution to mana-
gerial problems.

Performance and sur-
vival in the market (p. 4).

Zhang et al. (2024)

Adopts Foss and Saebi (2017).

The achievement
of superior firm-
level outcomes
(growth, profitabil-
ity, market posi-
tion) through BMI.

BMI based on produc-
tion technology or on
operating methods. In-
dicated by performance.
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Table 3. BMI and competitive advantage definitions.

Business model innovation happens due to various reasons. Rabetino et al. (2025, p. 3)
point that BMI begins from change either in the competition and companies’ approach
competition or change in firm’s environment. Their perspective aligns from Foss and
Saebi’s (2017) framework that categorizes external or internal facilitators of change ini-
tiation. Similarly, BMI is essential for maintaining competitive advantage since technol-
ogy evolves and competitors advance their products (Keiningham et al., 2020, 431; Teece,
2018, 41). Aagaard (2024, p. 5) states that BMlI initiated by grand challenges and mega-
trends is integrated part of strategic core that is adopted by firms in the current land-
scape of BMI. Especially, the green transition means holistic and multifaced changes that
requires managers to rethink their businesses as whole (Lideke-Freund et al., 2024, p.
127). However, Osterwalder and Pigneur (2010, p. 201) point out the apparent that BMs
are formed in the firm’s environment that consist of key trends, industry, market and
macroeconomic forces. Together these are facilitators for firm’s strategy since they set
competition’s narrative in the set industry (Osterwalder & Pigneur). In other words,
these highly resemble Porter’s (1991) dynamic perspectives on strategy. Additionally,
BMI considers also the role of regulation both as moderator of change (Foss & Saebi,
2017), and igniting change (Foss & Saebi, 2017; Rabetino et al., 2025). Overall, BMI is
driven by environmental shifts, competitive pressure, or both. However, these facilita-
tors are interlinked — if a focal firm fails to adapt to its environment’s changes, its com-
petitors will, thereby intensifying competitive pressure. As a result, firm must engage in

BMI just for the sake of maintaining competitive advantage.

Business model innovation process. Heikkild et al. (2018) suggest BMI process is simply
aligning with the reasoning on what BMl is, (i.e. changing parts of BM or the architecture
of BM). Sjodin et al. (2020) argue the process of BMI begins with defining the value
promise, followed by value provision design and finally, value-in-use delivery. Amit and
Zott (2012) argue three ways for BMI to occur include either by adding novel activities

through forward or backward integration, by linking activities, or by changing one or
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more parties performing the activities. Protecting the imitability of these changes, suc-
cessful BMI requires strategic analysis and understanding of firm’s competitive position
(Teece, 2010, p. 180; Porter, 2008). In summary, scholars give different definitions of BMI
process ranging from incremental changes to comprehensive architectural configura-

tions.

Zhang et al. (2024) suggest that BMI can be measured with variety of variables and
scopes depending on the characteristics of change. Foss and Saebi (2017) present that
BMI concept extents to how novel the changes are, and the scope of the change in figure
2. Novelty differs by the level of innovation, new to the firm or industry (Foss & Saebi,
2017). While scope of BMI refers to the architectural part of BMs, which parts and how
business model is changed. However, Zhang et al. (2024) point out other vectors such as
the sources of value creation, innovation’s scope between closed and open, market per-
ception and finally, source of competitive advantage. Regarding the earlier statements
on competitive, external pressure, when focal firm’s BM is innovated, it is simply BMI.
According to Geissdoerfer et al. (2018, p. 405-407), the typologies also illustrate that BMI
can steam from explicit strategic antecedents: a start-up’s initial design of BM, or a mer-
ger and acquisition forcing a reconfiguration and integration of BM architecture. This
highlights that BMI can emerge from high-level, strategic decisions. Therefore, when
change is only impacting the focal firm but remains new to industry, firm strategy is im-
pacted. In contrast, where stakeholders are impacted, change becomes ecosystem level
change. Finally, competition level change is when BMI forces rival to adapt their own

business models. In summary, the synthesis on strategic measure of BMlI is presented in

figure 3.
Novelty Scope
Modular \ Architectural
New to firm Evolutionary BMI Adaptive BMI
New to industry Focused BMI Complex BMI

Figure 2. Measurements of BMI (Foss & Saebi, 2017).
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Anteced- Level of external change

ents Macro-level ‘ Micro-level
External Ecosystem Competition
Internal Strategy BMI

Figure 3. Strategic measuring of BMI (author’s inducement).

Organizational, dynamic capabilities offer alternative way of examining the BMI process,
that is for maintaining competitive advantage. Dynamic capabilities have been an emerg-
ing theme in the BMI literature (Zhang et al., 2024); they represent internal drivers for
innovating both a firm’s competitive advantage and business models (Oliveira-Dias et al.,
2020). Conceptually, Teece (2018) suggest a firm’s current BM demonstrates base-level
capabilities by which firm in engages in its current operation. In a contrast, dynamic ca-
pabilities allow firms to sense and response to changes, sustaining competitive ad-
vantage (Teece, 2018). These are further divided to micro foundations of adapting the
base level capabilities, and then to the dynamic capabilities itself that sense avenues for
the future (Teece, 2018). The dynamic capabilities are further dividend by which part of
BMI process is engaged between sensing, seizing and transforming (Pieroni et al., 2019),
that offer model of innovation process in BMI. Overall, BMI relies on organizational ca-
pabilities, dynamic capabilities in order to leverage existing resources or create new ones

to sustain competitive advantage.

Overall, Foss and Saebi (2017, p. 215) present research model of BMI that depicts exter-
nal and internal factors initiating BMI that is influenced by different level moderators,
ultimately leading to outcomes in performance, innovation or cost reduction. Figure 4
illustrates these. However, Zhang et al. (2024) argue that the outcomes are additionally
mediates by the same variable, and there is industry-level performance in addition to

firm-level.
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Antecedents
External (e.g. Change in BMI Outcomes:
competition, - Novelty 5 +  Financial
technologies, network - Scope performance
position) Innovation
Internal (dynamic Cost reduction
capabilities, strategy)

Moderators
Macro-level (e.g. Competition law, regulation,
social instituions)
Firm-level (e.g., organizational values, design,
culture, top management, leadership
characteristics)
Micro-level (e.g. Managerial cognition,
adversity to change, open mindedness)

Figure 4. BMI research model (Foss & Saebi, 2017).

2.4 Theoretical framework — synthesis

This chapter presents the business model and innovation theories with environmental
regulation into the theoretical framework. The framework aims for holistic view BMI’s
influence towards firm-level competitive advantage and how the process is moderated
by environmental regulation. Foremostly, firm strategy is a key factor on business model
that is subject to innovation. Innovation of either one, strategy or BM begins from the
antecedents that are either external or internal of firm. BMI is measured by novelty and
scope of the change contributing to sustaining competitive advantage. However, while
BMI goal contributes to the competitive advantage, the outcome of BMI is measured by
performance. Above all, the framework articulates the main research question, how can
firms sustain competitive advantage by understanding environmental regulation in the

renewable hydrogen industry? The framework is presented in the figure 5.
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Figure 5. Theoretical framework.



3 Methodology

Methodology chapter presents the research methodology used to carry out the results
for the question and objectives. The research design formulates how researcher intends
to find the solution to their research question and objectives (Saunders et al., 2023, p.
19). The method of empirical study is described by philosophical assumptions, research
strategy and method. These describe how theoretical results are formed together with
the description of data collection, sampling and analysis. Finally, the chosen method’s
potential limitations are recognized. Overall, the Research Onion is conceptualization il-
lustrating the research process as depicted, explaining how the results are built (Saun-

ders et al., 2023). The figure 6 showcases the choices for the study’s research approach.

Research Method Qualitative

Philosophy T
Intreprewtlsm

—

Abductlve— B

Approach Inductlve

Slngle Case
Strategy Study \
\\I
|
Choice |\|‘ ‘ Multi-method \ ‘|| J
\ | /'

Time horizon ross-sectlonal

‘ ata \

( collection
and

\nalysns

Figure 6. Research onion (adapted from Saunders et al., 2023).

Technique &
Procedure

3.1 Philosophical assumptions

Research philosophy is not only for justifying the chosen method, strategy and approach

for the thesis (Saunders et al., 2023, p. 128), but it defines the underlying approach on
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how and why results are conducted the way they are (p. 131). According to Saunders et
al. (2023) interpretivism as research philosophy emphasizes understanding social phe-
nomena through how individuals assign them. Realization of the research philosophy is
the research paradigm (Saunders et al., 2023, p. 135) that is the lens on how results are

interpreted.

Thesis applies variation between inductive and abductive research approaches on the-
ory development since common theories are used to describe patterns and themes re-
lated to the case and design process, but novel theory is developed from the collected
data (Rashid et al., 2019). As novel phenomena are studied, the study applies inductive
nuances (Saunders, p. 155). It is recognized that interests between academic research
and practical managerial problems do not necessarily meet (Holmstrom et al., 2009).
The thesis goal and results contribute both theoretically with the empirical study and
practically with the strategic insights for the employer company. Specifically, the re-
search strategy constitutes case study that allows to study problems in the real-world

environment and create novel solutions but also contributes to the academic literature.

The time horizon is cross sectional with prospective focus. The data was collected within

set time during the Spring 2025, while the analysis emphasizes the future implications.

3.2 Research method

A study with novel contributions requires collecting and sampling of data to test its ques-
tion of research, whether qualitative or quantitative. Saunders et al. (2023, p. 181) state
guantitative study utilizes usually numerical data, for testing a hypothesis. A key charac-
ter for quantitative study is that similar results can be achieved by independent research-
ers conducting study with same parameters. In contrary, qualitative study utilizes
sources such as interviews and pictures that form non-numeric data, making it depend-
ent on the researcher (Saunders et al., p. 181-184). Qualitative study can use either pri-

mary or secondary data, where researcher collects the primary data themselves, and
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secondary data bases on existing sources collected by others (Saunders et al., 2023).
Moreover, when qualitative study utilizes more than one source, it forms multi-method

qualitative study (Saunders et al., 2023).

Thesis utilizes multi-method qualitative by utilizing both primary and secondary data.
Semi-structured interviews with case industry professionals form the primary data. The
secondary data collection consists of variety of methods from white papers and industry
analysis, studies, both public webinars and direct interviews with industry experts. The
secondary interview’s purpose is collecting information regarding the industry, and reg-
ulation in general in order to gain understanding of the phenomena’s context, fulfill miss-

ing gaps from the primary data for the case topic’s holistic character.

3.3 Research strategy

Research strategy is the connection between research philosophy and the chosen
method for data collection and analysis, meaning the plan for executing the study in-
cluding data collection (Saunders et al., 2023). Following qualitative research, the thesis
adopts holistic approach in a single case study within the renewable hydrogen industry

in the European Union, hydrogen regulation, specifically the Renewable Energy Directive.

Case study as a research strategy allows to conduct qualitative research on real-life phe-
nomenon that leads to rich empirical contributions to theory development (Saunders et
al., 2023, p. 206). Case study allows to explore complex research problem in set context
and especially allows to utilize different types of data such as both qualitative and quan-
titative (Eriksson & Kovalainen, 2016). Overall, according to Eriksson and Kovalainen
(2016, p. 131) case study allows to understand the logic of the case rather than generat-

ing causal explanation.
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3.4 Case and data

The case and data chapter explains the background context of the case. Although, a ho-
listic in-depth analysis is provided in the value system analysis. Foremostly, this sub-
chapter presents the data collection and analysis on the 12 semi-structured interviews

as well as secondary data.

3.4.1 Case industry and company

The renewable hydrogen and e-Fuels industry is a prominent pathway for sustainable
energy transition and mitigating the grand challenge of climate change. Renewable fuels
and hydrogen present a new industry globally since they require innovation and com-
mercial ramp-up of novel technological solution (Migliavacca et al., 2024). Its commer-
cial viability and ramp-up relies on cross-sectoral collaboration presenting unique case
opportunity where each part of the hydrogen/e-Fuel value chain is influenced by regu-
lation. The nominal regulation case is the European Union’s, that is the European Parlia-
ment and Council’s (EU) Renewable Energy Directive 2023/2413, namely ‘RED III’ that
introduces mandates for the use of Renewable Fuels of Non-Biological Origin (RFNBOs),
that are based on renewable hydrogen. The directive mandates that by 2030, at least 42%
of hydrogen used in industry must be renewable, and 1% of all national energy use in
transport must come from RFNBOs (EU, 2023/2414, article 25). However, the member
states of the European Union, have relatively large freedom to define their legislation
based on the directive. This study focuses on implications for e-methanol in the context

of maritime sector as the down-stream end-use sector.

The case company of this study, Andritz AG is Austrian technology and engineering com-
pany, and case especially focuses on its P2X business unit. The company has over 30,000
employees and operates in over 280 locations in 80 countries (Andritz, 2025c, p. 26). The
company’s four main divisions are Pulp & Paper, Metals, Hydropower, and Environment

& Energy, last of which includes the P2X business. Andritz’s 2024 revenue was 8,313
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million euros, with EBITDA of 887 million euros at 10.7% margin (Andritz, 2025c). Of that,
the Environment and Energy had 18% of total revenue at 1,503 million euros with
EBITDA of 198 million euros at 13,2% margin. At the core of the P2X strategy are the
know-how in carbon capture technology, renewable hydrogen production, and the e-
methanol synthesis (Andritz, 2025c, p. 32-35), with robust EPC experience. Based on An-
dritz’s (2025d) internal public relations communication material, Andritz P2X’s value
proposition for the e-Fuel business is specific: “provide solutions for the production of
renewable hydrogen, e-methanol and e-ammonia. Andritz’s services range from early

engineering consulting to EPC-project execution and full life-cycle services.”

3.4.2 Data collection

Detailed explanation of measures used for data collection enhances study’s credibility
and reliability (Zhang & Shaw, 2012, p. 9-10). Interviews are used to learn and study
novel phenomena since they provide valid and trustworthy information regarding the
topic (Saunders et al., 2023). Eisenhardt and Graebner (2007, p. 38) state diverse inter-
viewee sample group enhances study’s credibility by limiting bias. Meaning, interview-
ees variation by such as geographic location, hierarchical position, value system positions

enrich the data quality (Eisenhardt & Graebner, 2007).

Each study requires identification of population for samples, out of which forms the tar-
get population and finally, the sample (Saunders et al., 2023, p. 291-292). The initial tar-
get population was recognized from the RFNBO value chain (Figure 8 in chapter 4.1.2).
The target population was identified with variety of sources from the case company’s
account and stakeholder network, the Finnish Government’s consultation documents to
legislative bill preparation, industry related reports, LinkedIn search and exploration, in-
terviewees in newspaper articles, different types of lobby groups, and personal recom-
mendations from interviewees. Potential interviewees were inquired directly about will-
ingness to participate via the various different channels. Trust is essential factor when

approaching potential interviewees, and especially when cold approaching (Saunders et
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al., 2023, p. 237). A guiding document in appendix 1 was provided to clarify how inter-
viewees’ answers would be used in the thesis in order to create trust towards recording
and anonymity. Additionally, phone calls with the 3™ party interviewees helped in ac-

cessing the interviews especially, without any prior connection.

The interviewees are listed in the appendix 2 by the chronological order from the first
interview. Specific details are limited to generalized position, years of relevant experi-
ence and the interview length in minutes and hours, in order to distinct interviewees yet
remain anonymity. The sample is cross-sectoral with professionals consisting of the EPC
case company, consultants, energy industry, infrastructure, oil and gas, maritime, project
developers, altogether 7 sectors. Interviewees’ geographic focuses vary between solely
Finland, European level and global scale but is not further specified to remain anonymity.
Foremostly, all have experience with hydrogen regulation in the European Union, renew-
able hydrogen business and industry. Relevant experience is considered from other sec-
tors since the renewable hydrogen industry is only emerging. Policy makers, such as
elected officials or ministries were not interviewed for primary data, but the secondary
data 3, 9 and 10 included speakers in policy making, including a Finnish legislator, A
Dutch government official, and multiple policy makers at the European Union’s govern-

ing bodies. Additionally, some of primary data’s interviewees have lobbying experience.

The semi-structured interviews length from 50 minutes to almost two hours. A total of
12 interviews with 11 interviewees were conducted, the first on March 20t of 2025, but
the rest between May 13th and June 18™. 10 interviews were conducted via Microsoft
Teams and two face-to-face. The second-round interviews were conducted with two in-
terviewees, two (2) and six (6). Recordings were made with the exception of interviewee
2 who did not want to but gave permission to make notes and therefore interviews were
summarized right after. List of questions was delivered to each interviewee before which
set the general conversation structure and provided further information regarding the

topic. Three interviews were conducted in English and nine in Finnish.
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A general structure of the interview questions is presented in the appendix 3. The ques-
tions divide into three general categories from general introduction, identifying regula-
tion and thirdly, discussing the Andritz’s position in the case industry. Individual ques-
tions were included for each interviewee’s distinct sector by their industry and position
in their organization. Along the questionnaire, figures including the RFNBO value system
(figure 9) and theoretical framework (figure 5) were provided. Semi-structured inter-
views’ goal was to have open discussion around the topic than strict conversation in or-
der to get richer insights (Eriksson & Kovalainen, 2016, p. 94). Specifying questions could
be made during the interviews. The author’s personal interviewing skills adapted
throughout the interviewing process by interviewing techniques such as active question-
ing. Meaning that recognizing key points such as if an interviewee mentions a difficulty,

they would be asked to explain those in more detail.

Secondary data was collected throughout the thesis process. The multiple sources con-
sist of strategy workshops, interviews, webinars and industry reports and papers. The
secondary data collection was both structured and not structured. Detail of the second-
ary data with details on type, source is presented in the appendix 4. Primarily, the sec-
ondary data contributes by providing additional perspectives such as policy making as
mentioned earlier, and others that the author could have missed. Systematic analysis of
collected data is important and vital for not missing relevant perspectives (Yin, 1994),
and therefore, systematic collection of the data is as important. The secondary sources
1to 4, were summarized into executive summaries. This rather practical way of summa-
rizing data only considers ‘important’, novel and significant information at the moment
of discussion/interview, compared to full recording transcripts. On the other hand, the
summaries were made right after the set meetings from memory and notes on keywords
and statements. Additionally, sources 3 and 4, public webinars shared presentation ma-
terial with audience. The author was involved in actual strategy work in the secondary

source 5.
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3.4.3 Data analysis

Data analysis should result in a solution for the study’s problem where a successive so-
lution is result of successive system in the analysis (Yin, 1994). Successive analytics con-
sists of foremostly, general analytics strategy and secondly, specific techniques (1994, p.
105-106). This includes author describes precisely how they collected the data for their
study and the methods and techniques they use for analyzing and making conclusions
out of that (Saunders et al., 2023; Gioia, 2021). As mentioned, recordings and transcripts
were made with exception of one interviewee. Specifically, transcripts were generated
with Microsoft Stream from Microsoft Teams recordings, then composed and corrected
into full texts from errors with review of the video recordings. Additionally, specific state-
ments were reviewed from recordings on how the interviewees reacted with expressions
and change in tone, and the interviewees reactions were written into the transcript. For
the example, “*reaction description*” after a comment. In total, 172 pages of transcripts

were made across the 10 recorded interviews.

Following transcript composing, the next step is coding the raw data into usable data to
test study’s hypothesis (Saunders et al., p. 665), that is the research question in the case
of qualitative study. Data coding means categorizing the answers with similar meanings
(Saunders et al., p. 665). Initial concepts recognition is the first step of the grounded/Gi-
oia method, and the goal is to induce the concepts from the interviewees’ answers than
use theory as base (Gioia, 2021, p. 24-25; Saunders et al., 2023, p. 684). The initial an-
swers are compared and then induced into the first-order concepts which focus is similar
as thematic coding but based purely on the gathered data (Saunders et al., 2023). Initial
concepts coding began during the interviews by making notes of key words and during
transcript composing. A throughout coding was done in Microsoft Excel to purely base
the analysis on the collected data and follow the grounded method (Gioia, 2021). Each
interviewee and the coding were placed row by row in the column A in a chronological
order in order to induce codes and key words from transcripts, with a review of record-
ings when needed. The rest of the columns followed with quote of the comment for each

code row. To capture emerging themes and synonymous variations, one or more induced
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codes were added below a grounded code. By stacking them under the grounded code,
a clear visual linkage was maintained between core concept and nuanced variation, help-
ing manual analysis among the vast amount of grounded data. Over 150 1% order-order

codes and categories were listed in total between the interviewees in the Excel.

The grounded codes are compared between and then induced into the first-order cate-
gories that hold similar meaning (Nag et al., 2007, p. 828). The first-order categories are
followed by second order themes that group the specific categories into abstract themes
(Saunders et al., 2023, p. 667). Data comparison of grounded codes between different
interviewees was conducted via matrix comparison of a common code and interviewees,
by marking with X for each interviewee that had the code emerge in their interview.
Matrix example provided in appendix 5. The matrix process helped formulating second-
order themes and inducement of the aggregated dimensions. The result of the analysis,

data structure is presented in the figure 7.

Finally, presenting the results in a coherent logic follows the theoretical framework. In
order to actually argue and justify the findings, different analytics techniques are utilized.
Firstly, Grodal et al. (2021, p. 604) suggest the importance of data structure for present-
ing findings between the 1% order categories to aggregated dimension, and theoretical
framework. Data structure allows the developing empirical rigor, and further on the
novel contributions to theory (Gioia, 2021; Grodal et al., 2021). Furthermore, for a test-
ing hypothesis, explanation building is relevant technique consisting of initial assump-
tion and revising that by comparing with the findings (Yin, 1994, p. 114). Especial, careful
analysis between overall unit and embedded units is a key concern regarding case study

in order to avoid biased findings (Yin, 1994).
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3.5 Validity and reliability

In order to assess the quality of a study, it is essential to evaluate validity and reliability
(Saunders et al., 2023, Eriksson & Kovalainen, 2016). Rigor in a case study context guides
the assessment of accuracy and credibility of the conclusions, findings and the contribu-

tion to theory (Gibbert et al., 2008).

First, according to Gibbert et al. (2008) a case study can address validity through multiple
strategies, including triangulation, theoretical framework, and transparent research de-
sign. Especially, the study’s theoretical framework provides two comparison vectors for
assessing validity: first, it explicitly defines the author’s approach on the topic and
knowledge of phenomena, theory. Second, it provides framework to compare the
study’s results to existing literature and validify them. The holistic nature of the study
poses question of validity. Especially, Yin (1994, p. 120) suggest that embedded unit of
analysis requires careful attention on not generalizing results from embedded unit with
overall results without cross analysis or use of different techniques. These concerns are
addressed through triangulation or primary interview data and secondary material, as
well as explicit documentation of the analytics, enhancing both construct and internal

validity.

Secondly, reliability refers to the consistency of the data, whether the results can be re-
peated under similar conditions (Eriksson & Kovalainen, 2016, p. 304). The chosen strat-
egy, case study of regulation for industry, and the analysis method, grounded/Gioia en-
sures systematic collection of treatment of the data. The figure 8 presents the study’s
research process and steps, which enhance transparency on the result’s reliability and
construct validity (Gibbert et al., 2008, p. 1467). Along that, the philosophical assump-
tions are also mentioned in previous chapter, that is why results are interpreted the way

they are (Saunders et al., 2023).
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Practical limitations raised during execution of the research regarding the timeline and
thus research strategy. Firstly, the study’s scope was revised regarding research question
and objectives from the original that was to understand how the different European Un-
ion member-states position themselves from the RED-directive. The thesis project begun
in 7 of January 2025 but the scope was revised in 19t of March limiting the study’s time
to three and half months. Additionally, although the first interview was conducted nearly
two months before the rest of the interviews, the topic, case’s regulation remained the
same unit of observation, The RED Il directive. Moreover, the grounded method allows

data collection right from the start of the research idea (Saunders et al., 2023, p. 202).

Research Design Data collection Treatment, analysis

Preliminary Transcription &

objectives set by executive
research employer se?:‘t::::::rm’ summaries
Re-definition of Strategic
Qualkive research question Content analysis analysis
approach & objectives (March Case study Eﬂﬂﬂﬂ::; ——
1ot transcript
Single coding
case-study | Literature review Grounded
S Data Structure method
Analysis Method Secondary data
Initial draft of Strategy
framework (April) workshops Results & Rng:latinn
Position papers discussion & BM
[ News | s
Casefirmis Public officials’
network; public From population —— Conclusions

features; search
and contact;
lobby groups.

to sampe group

Figure 8. Research steps (adapted from Oliveira-Dias et al., 2022, p. 115).
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4 Findings

The findings chapter reveals the found results of the study. The results are linked to the
theoretical framework (figure 4) in order to answer the research question and find solu-
tion for the research problem (Saunders et al., 2023). The findings begin with practical
context analysis discussing strategic setting of the case industry in chapter 4.1. The first
empirical section, chapter 4.2 analyses regulation’s relevance for the case industry by
summarizing regulation as antecedent of change and challenges. The chapter 4.3 follows
with cross-analysis between the business process and regulation as mediator from the
theoretical framework. The process steps include firm’s strategy and primarily, business
model innovation towards competitive advantage. Finally, the results are summarized
and the revised theoretical framework presented. Overall, answering how environmen-

tal regulation impacts strategy and competitive advantage.

4.1 Context

The context chapter presents the results of strategic analysis on the case industry,
providing in-depth understanding of the regulation and RFNBO, specifically E-Methanol
industry’s value chain analysis. A key observation regarding unit of analysis, the inter-
viewee’s as well as secondary data, discuss of business models especially in project-level

business than holistic value creation.

A renewable hydrogen production project has similar investment characteristics as any
other energy industry project: high capital expenditure (CAPEX), long investment time,
stakeholder’s participation. The renewable hydrogen industry attracts newcomers re-
gardless of their size due to its emerging nature. Power to solution (P2X) project devel-
opers have been fore runners in industry long before regulatory mandates, while incum-
bent industries are looking to transition from fossils to renewables. The renewable hy-
drogen and the RFNBO markets are only emerging. The current use of hydrogen (99%)

limits mostly to refining and chemicals which are not at significant position for climate
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change mitigation (Pingkuo & Junging, 2024). Hydrogen usage amounts only for 0,1% in
industries contributing to climate change. However, the potential sectors such as trans-
portation in climate change mitigation offer major opportunity for renewable hydrogen
(Pingkuo & Junqing, 2024). Hydrogen Europe’s 2024 status report (Espitalier-Noel et al.,
2024 p. 20) points that the European Commission’s goal of 10 Mt domestic production
requires installation of 100 GW electrolysers compared to 40 GW goal set in the REPow-
ereU plan by the Commission. The 100 GW installation goal requires a growth rate of
+153% annually to meet the 2030 goals in Europe but the actual CAGR has been only
+44% since 2020 (Hydrogen Europe, 2024). The hydrogen uptake is more challenging
than estimated earlier due to limited growth of renewable energy sources and cost com-
petitiveness that includes cost of renewable electricity and price of electricity; cost of
RFNBOs in the current context; and the cost of technologies deployed (Sochor, 2025, p.
11; Motola et al., 2023, p. 46). Renewable hydrogen’s cost is two-three times higher than
blue, carbon captured hydrogen’s (Pingkuo & Junqing, 2024). The cost is driven mostly
by renewable electricity’s marginal cost and the capital cost of electrolyser (Pingkuo &
Junging, 2024; European Court of Auditors, 2024). Total installed cost will decrease over
time by growing number of investments. In total, there are number of factors affecting
renewable hydrogen production profitability in practical sense (Deloitte, 2024a: 13; An-
dritz, 20254, p. 4). Both macro- and energy economy factors such electricity supply, and

project success factors such as subsidies, offtake certainty and market development.

4.1.1 RFNBO regulation

The following section describes and analyses the relevant case regulation, providing the
reader a comprehensive understanding of the regulatory context. The revised Renewa-
ble Energy Directive (RED) (EU, 2023/2413) gives a legal definition for renewable hydro-
gen, an updated version of the prior directive (EU) 2018/2001. The RED lll redefines the
meaning of the Renewable Fuels of Non-Biological Origin to all uses, while the RED Il
considers the use as a transport fuel only (EC, 2024b). The revision defines RFBNO:

“renewable fuels of non-biological origin’ means liquid and gaseous fuels the energy
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content of which is derived from renewable sources other than biomass» (EU, 2023/2413,
article 2, 36). Therefore, RFNBOs exclude biofuels since they derive energy content from
biomass. According to the European Commission’s Joint Research Centre (Motola et al.,
2023, P. 9), RFNBOs divide between electrofuels (e-Fuels), Power-to-Gas (PtG) and
Power-to-Liquid (PtL). Foremostly, The RED establishes the grounding definitions of
RFNBOs, such as supply chain traceability and GHG emission reduction rate. The Euro-
pean Commission has published two Delegated Acts to define the RFNBOs in detail
(Migliavacca et al., 2024, p. 4) as of Spring 2025. Although the RED provides the founda-
tional framework, other key acts and delegations include the Hydrogen and decarbon-
ized gas market package, Methane Regulation, Carbon Removals and Carbon Farming
Regulation (Deloitte, 2024, p. 13). As well as Tholen et al. (2021) point out that EU-level
policy instruments such as substitutes play a vital part in making the green hydrogen

economy alive at a local member state level.

Above all, RFNBOs are hydrogen derived fuels such as hydrogen itself, e-methanol or e-
ammonia (EC, 2024b). Hydrogen itself is energy carrier that can be used to produce
downstream products as mentioned above, and a decarbonized gas (Dolci et al., 2022,
p. 6). In general context, the hydrogen downstream can be divided to feedstock meaning
feeding industrial processes, and to energy vector meaning the fuel solutions
(Migliavacca et al., 2024, p. 1). Renewability is a key aspect of the RFNBOs since the new
fuel solutions cannot be considered renewable unless their production’s value chain is
‘renewable’. The revised RED sets defining elements for RFNBOs, while the EC’s dele-
gated regulations (delegated acts) define the criteria specifically. The EU’s RED Il directive
(2018/2009) defines ‘renewable sources” as by the source type meaning non-fossil fuels
such as wind, solar energy, and geothermal, and other energy sources existing in the
nature. These sources consist mostly of primary sources existing in the nature. Defining
element of the RFNBOs is that they meet 70% reduction in greenhouse gas emissions to
their relevant fossil competitor. Moreover, renewable electricity to produce RFNBOs is

defined specifically in the European Commission’s delegated act 2023/1184. The four



47

primary methods include Power Purchase Agreements (PPAs), direct source, geograph-

ical correlation and variation between.

Electrofuels (e-Fuels) are often mentioned with RFNBOs but refer to a broader term for
fuels made using electrolyser to produce hydrogen (H2) (Nemmour et al., 2023, p.
29014). e-Fuels as synthetic fuels are meant to replace conventional fuels such as fossil
kerosene, and foremostly allow the replacement of these conventional fuels without
changing the combustion engine technology (Nemmour et al., 2023). RFNBOs, other
than hydrogen solely require additional feedstocks, such as carbon dioxide or nitrogen
depending on the fuel. Specifically, e-methanol is produced synthesizing hydrogen to-
gether with carbon dioxide (CO2) where the used renewable H2 is derived with electrol-
ysis, and the CO2 is captured, usually from renewable source (Nemmour et al., 2023).
CO2 can be sources from biogas, biomass, captured industrial flue gas as by-product or
directly air capture (Nemmour et al., 2023, p. 29017). However, the 70% GHG emission
reduction rule becomes relevant in the CO2’s source as well as for electricity. Water elec-
trolysis is the dominant method of producing renewable hydrogen (Dolci et al., 2022, p.
10), by applying electricity as an energy carrier to separate oxygen and hydrogen from
water molecule. The three common methods of water electrolysis include alkaline elec-
trolysis (AEL), proton exchange membrane (PEM) and solid oxide electrolyser (SOE)
(Dolci et al., 2022, p. 10). In practice, Dolci et al. (2022, p. 10) state that AEL is stable and
cost-efficient technology that does not rely on rare metals, while PEM offers better flex-
ibility and responsiveness but depends on rare metals and expensive catalysts. According
to Dolci et al. (2022, p. 11) AEL and PEM have achieved commercial maturity stage, and
AEL promises the best CAPEX at the largest megawatt (MW) quantities (Andritz, 2025a).
For context, according to the European Court of Auditors (2024, p. 10) cost of renewable
hydrogen varies between $3.6-12.0/kg, compared to $1-3/kg of gray hydrogen using nat-

ural gas.

Shortly, the key differences in governing of legal acts between the European Commission

and member states. Implementation of both directives and regulations into national law
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is left to the member states themselves. Key distinction is that regulation must be ap-
plied precisely to what the commission demands, while member states have freedom to
adapt laws to match their local conditions meeting the minimum requirements in the
European Union’s directives. Each member state has their distinct ministry(ies) with dis-
tinct national agency of creating and implementing the law from the directive. The gov-
erning roles play vital role how legals acts are implemented at different levels. Fore-
mostly, member states have obligation to report progression of goals to the commission.

(secondary data 5).

The key regulating instruments of the revised RED include minimum mandates of renew-
able fuels for suppliers and potential penalties if not compliant to supply the minimum
amount. RFNBOs have separate mandate figures for both industry and transportation
sectors. The revised directive aims to drive fuel suppliers to invest into new technologies
with instruments such as the mandates and penalties, that will vary by member state.
However, the current electrolysis technology investments are expensive, and the opera-
tional costs are heavily influenced by availability of resources, such as renewable elec-
tricity and carbon dioxide. Specifically, the articles 22 for industry, and 25 for transport
industry are quantity driving incentives, since these mandate, command-and-control to-
wards fuel suppliers to supply RFNBOs. However, the RED does not mandate setting pen-
alties but leaves it to the European Union and member states posing potential risk for
market ramp-up (Hydrogen Europe, 2025). The obligatory mandates together with the
demand driving initiatives (e.g., FuelEU Maritime & REFuelEU Aviation) form a market-
mechanism since they oblige member states to set obligatory mandates of RFNBOs share
in total energy consumption, creating a market for RENBOs. The directive and the initia-
tives are therefore a mixture of market mechanism and command-and-control, and fore-
mostly the quantity element makes them an RPS. On comparison between RED Il and I,
the RED II's objectives are energy-based but member states are free to adopt them to
local conditions which has led to various distinct systems between nations (Sipila et al.,
2023, p. 19). The energy-based system is the most common among member-states,

while volume-based systems in few, and only Germany and Sweden have GHG-based
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(Sipild et al., 2023, p. 20). The revised directive changed the energy-based obligations to
GHG-based, although it is not mandating to change for member states (Sipila et al., 2023,
p. 30). Secondly, and foremostly, the revised directive introduces mandating obligation
for RFNBOs (Sipila et al., 2023, p. 30), that are the focus of this thesis. The separate
RFNBO mandate targets are for feedstock industrial use and transportation industry (EU,

2023/2413, article 22a, & article 25).

Industry (Article 22)

Although not the primary focus of this study, the article 22 defines the RFNBOs and re-
newable hydrogen’s scope in the industrial context where hydrogen is mostly used as
feedstock source and intermediate product. Hydrogen’s industrial use is relatively small
and therefore the mandate’s target percentage of 42% by 2030 seems large compared
to the transportation RFNBOs’ 1% mandate by 2030. However, article 22b defines con-
ditions to reduce the mandate for RFNBOs in the industry sector (EU, 2023/2413). Ac-
cording to official study from AFRY management consultancy (Lansisalo et al., 2025, p.
22-24) the revised directive’s core challenges for the industrial use of RFNBOs include
end-product’s cost implantation, industrial competition both internationally and inside
the European Union, and the general challenges, meaning electricity and technology’s

cost and availability.

Transportation (Article 25)

The article 25, both in RED Il and Il state the mainstream use of renewable energy in the
transport sector. Key differences in the revised directive are the increased minimum
mandate of all renewables and GHG emission reduction targets, and foremostly a dis-
tinct minimum mandate of RFNBOs part of combined advanced fuels target for the trans-
portation industry. Member states must define legislation for transport fuel suppliers
regarding RFNBO but are free to define the method and potential penalties. (EU,
2023/2413, article 25).

FuelEU Maritime
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The revised RED sets a RFNBO mandate target of 1,2% since 2030 for the maritime sector
by applying it to member stated with maritime ports (EU, 2023/2413, article 25). Fur-
thermore, the commission has introduced the FuelEU Maritime initiative, Commission’s
regulation 2023/1805 which goal is to reduce the sectors carbon intensity by 2% in 2025,
up to 80% reduction in 2050. Foremostly, the revised RED’s mandates targets fuel sup-
pliers, while the FuelEU Maritime (EC, 2023/1805) targets ships exceeding 5,000 gross
tons with the purpose of transporting cargo or passengers (EC, 2025a, article 2). There-
fore, there are RFNBO demand push factors for both supply and demand side in the

maritime sector in Europe.

4.1.2 RFNBO value system

The value chain analysis explains how value is created in the different parts of supply
chain (Porter, 1991), meaning differences of activities between stakeholders and explain
relative prices and cost (Kontu, 2019, p. 27). The grounding foundations of renewable
hydrogen value system are stated by multiple sources from the European Court of Audi-
tors, consulting firms such as DNV (2024, p. 65) and Deloitte (2024a), academic research
(Nemmour et al., 2023, p. 29014) and by solution providers such as Andritz (2025c, p.
35). According to Dulian and Erbach (2025, p.4) the key principles of renewable hydrogen
production include hydrogen production, possible e-Fuels transformation, transporta-
tion of the product and the end-use. Andritz’s (2024) model of e-Methanol production
illustrates the importance of renewable sources in the production phase of the value
system. However, the dominant industry logics are yet to form since the industry is only
emerging. Combination of the RFNBO value system with stakeholder groups and the rel-
evant EU regulation is presented in the Figure 9. In general, renewable hydrogen value
chains consist of three primary parts. Supply of feedstock resources, production of the
renewable fuels, and the end-demand for the fuels, as mentioned earlier. The relevant
mandating/obligating regulation from the European Union’s level for each part of value
chain axis from supply to demand. Additionally, project developers for developing the

hydrogen production plants, infrastructure, and different solution providers from
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consulting to technological solutions are considered. Different rows are not in hierar-

chical importance, although the explicit focus on maritime end-use case.

Refinery solutions EPC solution M&R Consulting EICRIED
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Figure 9. RFNBO value system and regulation (author).

The first phase, feedstock source supply for renewable hydrogen and RFNBO’s produc-
tion, renewable electricity. That is the energy carrier for hydrogen via electrolysis can be
provided by utilities companies via grid, and also by directly connected to the production
plants. The levelized cost of electricity (LCOE), is the main factor where is the cheapest
location for hydrogen production (Secondary source 5; SuomiAreena, 2025a). The firms
in this part consist of established utility companies with clear market position, vast en-
ergy production and customer portfolios but also agile startups (Interviewee 4 & 5). The
electricity industry’s producers are characterized by both established players that are
private firms and public municipals as well as newcomers since renewable production is
taking place. The industry is characterized by SPOT market trade, liberalization, net-zero
goals and smart grid adaptation (Liesen et al., 2019; Rabetino et al., 2025), but most
importantly these variables depend on the specific bidding-zone and country defining
structural forces. Electricity price depends on many factors varying from weather, fuel
prices, economic factors, policy and political atmosphere (Bhattacharyya, 2011). Fore-

mostly, utility companies have incentive to produce premium product, e-Fuels since
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electricity’s price is falling from the rise of supply in renewables, confirmed also by an

interviewee(s) working in the industry as well as secondary source 5.

Second, of e-methanol feedstocks, carbon dioxide has many available options for sourc-
ing (Nemmour et al., 2023, p. 29017). Renewable CO2 sources include biomass/biogenic
sourcing such as pulp mills and forest industry that offer viable and scalable option to
large quantities (SuomiAreena, 2025a; Andritz, 2024). Other CO2 sources include Indus-
trial flue gas and by-products. However, fossil CO2 source’s emission value chain does
not meet the 70% GHG emission reduction target required for RFNBOs. Therefore, bio-
genic CO2 sources, including pulp and paper mills have an incentive over the fossil CO2
sources in the RFNBO value system. According to Andritz (2025c, p. 35) a single pulp mill
can supply 2 MTA of biogenic CO2 that can used to produce 1.2 MTA of e-methanol.

Fuel suppliers as a stakeholder group are specifically targeted by the RED Il that man-
dates them to supply RFNBOs in the transport sector under the article 25. In the EU’s
RED directives, fuel suppliers are considered the party that is responsible for adding the
duty tax on the supplied fuel and can be further defined by a member state (EU,
2018/2001, article 2, (38)). Specifically, fuel refineries do belong under both of target
binding articles of the directive based on the EU terminology of NACE.REV 2 (EC, 2024b,
chapter 2.1). However, allocation between the targets is defined on the basis of the end-
product, energy-content or annual ratio of produced products (EC, 2024b). Refineries
can produce variety of products from fuels to chemicals that can vary by weight and form
from fuel gases, gasoline, jet fuel, diesel to solid fuels such as petrolcoke and bitum
(Linde, n.d.) Moreover, hydrogen can be applied in various fuels production processes
(Linde, n.d.), such as hydrodesulphurization, hydrocracking. The results of applying re-
newable hydrogen are reduced GHG emissions and increased share of renewables

(Nemmour et al., 2023).

In order for fuel suppliers invest into renewable hydrogen solutions, the demand needs

to be at sufficient level with sufficient price (Giehl et al., 2023, p. 10356; Tholen et al.,
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2021, p. 5). This is where the RED Ill comes in as solution for setting mandating supply
targets for fuel suppliers. The refinery industry is characterized by fierce price competi-
tion of achieving the lowest productions costs as possible (Secondary Data 5, coffee
talks). As any other industrial process industry, industry logics are well defined. The ‘re-
finery route’ is the cost competitive way of achieving the RED III’'s RENBO transport man-
dates for early adopting (Hydrogen Europe, 2025; Secondary source 9). However, the
green transition, especially the electric-vehicle penetration is assumed to reduce refin-
ery industry’s market cap, at most extreme assumption by 75% in 2040 from between

156 billion USD down to 39 bn USD (Ding et al., 2022).

The end-use demand of RFNBOs divides to variety of sectors where RFNBOs can be ap-
plied as solution to reducing GHG emissions, and thesis focuses on maritime transport.
The figure 10 presents the total EU energy demand in transport sector was estimated at
278 Mtoe in 2020, 324 Mtoe in 2030, and 298 Mtoe in 2040, indicating decline in total
demand, but increase in maritime and aviation sectors (The European Commission, 2021,
p. 74). Out of the total demand in EU, fuel suppliers are obligated to supply 1% of RFNBOs
in 2030 (EU, 2023/2413, article 25).
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Figure 10. Total energy demand in transport (EC, 2021, p. 74).
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The maritime sector is the backbone of global trade, facilitating approximately 80-90%
of global goods trade by volume (OECD, 2025, p. 19; Moller, 2023). The top 10 companies
control over 85% of the global trade (CNBC, 2024). The global maritime sector consumes
280 Mtoe of fuel annually, while fuel consumption for vessels over 5,000 GT was 213
Mtoe in 2023 (DNV, 2024, p. 34). Fossil fuels consisting of heavy fuel oil, light fuel ail,
and diesel/gas oil, together were almost 95% of the 213 Mtoe, while liquid natural gas
(LNG) was around 13 Mtoe in 2022 (DNV, 2024, p. 34). The EU’s maritime sector’s energy
consumption was only 34 Mtoe in 2020 (EC, 2021). However, 42-50% of the global mar-
itime voyages subject to FuelEU Maritime call port in European Economic Area’s ports at
least once annually (Secondary data 5; Transport & Environment, 2022, p. 4), in compar-
ison 40% of the U.S. container traffic travels by the Panama Canal, and 12% of global
shipping traffic passes the Suez Canal (CNBC, 2024). Overall, the global maritime traffic

is subject to high volatility, affecting demand, revenue and profitability rates.

Heavy Fuel Oils (HFOs) are exclusive to the maritime sector (Secondary data 5; Andritz,
2025b). Foremostly, the sector is subject to the European Union’s Emission Trading Sys-
tem’s extension (ETS) and the FuelEU Maritime regulation that push for GHG emission
reduction and for adaptation of alternative fuel solutions. However, leaving the exclusive
HFOs means the sector will compete against other industries and sectors for the supply
of renewable fuels (Secondary 5; 2 interviewees). The alternative renewable fuel solu-
tions consist of such as e-Methanol, e-Ammonia and Bio/e-LNG. Renewable LNG pre-
sents the most viable solution by existing infrastructure and foremostly, by usability with
engine and ship technology (Secondary data 5 & 10). However, supply and ramp-up are
limited of all alternative solutions, meaning there is no ‘either or’ -scenario between e-
LNG and e-MeOH (Secondary data 5). EEAmmonia is not considered yet since it presents
highly toxic option, and requires high infrastructure, technological investments and ad-

aptation to be a scalable solution. Although, e-Ammonia presents emission free solution.

Infrastructure and distribution development is key factor for the market development

and trade of the RFNBOs (Deloitte, 2024b; Secondary data 1; interviewee 4). The existing
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European natural gas pipeline network presents low-cost option for transferring from
grey LNG to green but specifically hydrogen pipelines require new development (Hydro-
gen Europe, 2024). Therefore, so called ‘hydrogen valleys’ where supply and demand
meet at SPOT-market -alike basis present viable solution for industry ramp-up and many
are under development across Europe (Secondary source 2; Hydrogen Europe, 2024, p.
10). Foremostly, hydrogen can be transported also by ships and trucks cost effectively,
whereas cross-border development of pipelines requires time (Secondary Data 1). For
reference, a cross-border development of electricity lines between France and Spain
took 14 years just in permitting before building (secondary data 1). Finally, port authori-
ties are in a key role of laying multi-fuel infrastructure for demanded quantities (Deloitte,

2024b).

Technology and solution suppliers/providers deliver the methods of achieving desired
results. Whether it is the production of renewable hydrogen, fuel refining, engine tech-
nology, infrastructure or other. Renewable solutions do not commerce without solution
providers (Deloitte, 2024b). Different stages of the RFNBO value chain have different so-
lution needs. For the production of the fuels, solutions vary between position in the
RFNBO value chain and how one wants to manage the project. While project developing
firms can also directly deliver a solution but behold the project’s risk before the owner
acquires the completed project (Secondary source 5 & 6). Service offerings, Technology
know-how and ownership as capabilities among other, distinguish different solution pro-
viders both in their own value system and the industry. The current P2X solution compe-
tition divides into two main groups: firstly, established players with robust turnover at 9-
10+ figures USD focusing on variety of different sectors. Secondly, SME-startups focusing
especially on the renewable hydrogen and fuel projects. The figure 11 presents relevant
EPC and engineering companies on scatter chart where X-axis holds average annual turn-
over, and Y-axis holds the average EBITDA between 2023 and 2021. Foremostly, all es-
tablished EPC providers hold positive EBITDA while greenfield startups hold purely neg-
ative. Key characteristics of the established EPC providers include engineering and tech-

nological capabilities, but variation by sector and industry focus, and geographic area.
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Additionally, a key distinction can be forward integration into feedstock production and

supply of industrial chemicals from firms such as Linde and Air Liquide.
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Figure 11. P2X competition: across strategic groups (Orbis data base by Moody’s).

Hydrogen technology, meaning water electrolysis itself is not exclusive to restricted sup-
ply. Especially, the AEL and PEM technologies are publicly available. Although China is
leading the supply of electrolysis’ technology’s raw materials (Pingkuo & Junging, 2024).
However, integrating the electrolysis solutions into refineries, feedstock sources, mean-
ing the project of producing the fuels is what requires engineering know-how from solu-
tion providers. Especially, large volumes (+50-200 MW) production engineering capabil-

ity requirements are larger relative to smaller scale.

Regulatory and managerial solutions, management consulting is relevant stakeholder
group for the RFNBO industry. Compliance is relevant regardless of the step in the RFNBO
value chain since the aim is to produce ‘green’, renewable products that fulfills rogation’s
criteria and not expensive non-compliant. Stakeholders can approach compliance in two

ways, either Make-or-Buy (Secondary data 4). The lateral divides furthermore between
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different expertise from management consulting, engineering, legal counseling among
others. The lack of technology ownership either by developing it or owning licenses is
the common attribute to them. However, firms in this segment, such as the ‘Bigd’ -au-
diting and consulting firms, are often recognized as a trusted source, and foremostly,
they provide solutions in other areas such as corporate governance and strategy. As in-
terviewee 3 suggest, combination of all expertise is required to accomplish projects into

business.

4.2 Regulation’s meaning

The first empirical section analyses hydrogen regulation’s meaning for business by pre-
senting what it means for the interviewees. The findings confirm regulation’s context for
the renewable e-Fuels industry’s formation: regulation is the basis of business and there-
fore it offers strategic opportunities. Firms that adapt and innovate quickly can stay
ahead of competition, gain market share and strengthen their competitive advantage.
However, the industry faces also variety of challenges moderated by the regulation: pos-
itive final investment decisions as well as actualizing renewable hydrogen business’ pro-

gress relies on trust towards the regulation.

4.2.1 Antecedent of innovation

All of the interviewees advocate regulation’s importance for the whole industry, its de-
velopment and ramp-up. This is evident from regulation analysis as well as other sec-
ondary sources such as position papers. Initial assumptions are evident to conclude that
regulation defines what are renewable fuels and foremostly, the offtake demand and
market for them. Thirdly, firms must understand regulation’s meaning for their own busi-
ness at least in order to make any business. Especially, the emerging status, early stage
of the industry’s ramp up relies on regulation catalyzing the demand before natural de-

mand emerges.
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“Understanding regulation is a must for operating in the industry at all” (Inter-
viewee 1)

“The whole industry builds up on regulation, and foremostly, every firm’s strategy
begins and bases on the regulation.” (Interviewee 3)

“It is like everything in everything. The hydrogen economy is built on the basis of
regulation. Without regulation it will not exist.” (Interviewee 9)

“In business like the green transition, regulation is what creates the market and
sets the rules for how to operate there.” (Interviewee 11)

Combined with the context analysis, the interviewee statements indicate how regulation
acts as the antecedent for business in the case industry, and therefore basis of gaining
competitive advantage. Furthermore, hydrogen regulation’s relevance relates back to
competitiveness of the renewable solutions against fossil options since the novel renew-
able innovations remain inferior in terms of financial viability when solely relying on nat-
ural demand. Regulation is an external antecedent itself where it is realization and result
of politics. Moreover, it is a defining industry logic since without it the business will not
flourish. Practically, regulation’s correlation with whether firms innovate or not is not
explicit, but regulation determines how firms innovate. A following quote captures reg-
ulation’s importance.

“Of course, regulation is part of daily business because regulation defines the
playground of the future. If you want to anticipate the future and make right de-
cisions, you have to understand regulation.” (Interviewee 5)

On the other hand, the grand challenge of climate change is the reason for the regulation
to exist. Interviewee 10 stated “special regulation” is required due to competition against
fossils but also against other lower costing renewable solutions. Specifically, what the
interviewees mean by building on regulation is defining the offtake which is the demand
for the renewable fuels, and the conditions on how the fuels are to be produced. Sec-
ondly, particular summary quote from discussion with interviewee 2 captures the regu-

lation’s importance regarding investment decisions into the renewable fuel projects.
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“No FIDs (Final Investment Decisions) happen before regulation is set. Regulatory
uncertainty is key variable for these, it affects how customers win subsidy auc-
tions and biddings, bankability. Foremostly, it sets the base for the offtake plans
and agreements.” (Interviewee 2, 15t round summary)

Before making further conclusions based on regulatory changes, understanding context
is essential. In the case industry, renewable hydrogen and e-Fuels regulation foremostly
establishes the market’s supply and demand dynamics as stated earlier. It is the business
opportunities by demand in which firms can engage, but such as specific technological
solutions are left for the firms to find their optimal solution. The mandated change from
fossil solutions to renewables indicates system level change in terms of supply and de-
mand. Right now, ecosystem of renewable hydrogen trade is only emerging, but antici-
pating it remains essential for firms to make strategic decisions. In addition, guest speak-
ers in SuomiAreena (2025a, 05:00) panel discussion advocate ecosystem’s importance
from the transition to renewables and different parts coworking for success. In summary,
where the whole hydrogen value system is one holistic unit of change, it consists of its
parts having distinct system level change.

“Another big thing is that this will be a change to the system. As up until now
shipping companies could basically buy fuel even on spot market basis or they
could make some kind of a few-year contract. Now if they want to get these re-
newable fuels, they will have to make a 10 or 20-year supply contract and fix the
price at roughly today’s price.” (Interviewee 7)

“I think the opportunity is that everyone understands that a change is coming and
then some projects will begin as the early adopters. It is vital for them to succeed.
In that sense we are not in a situation everything is forgotten and set back. But
of course, the phasing and risks are bigger in these first projects.” (Interviewee 8)

“It is essential for us that a hydrogen economy’s ecosystem is created in [country]
before and that its promising. And of course, that we have the hydrogen ecosys-
tem in place before we can make significant investments into the [sector’s] pro-
jects. It is a bit of a chicken-and-egg question as which comes first, but of course
we have a strong view that there is an urgent need for infrastructure readiness in
order to any ecosystem to emerge. Through that we work with our customers at
the grass-root level. So, in a constant dialogue with those companies that would
use the infrastructure.” (Interviewee Anom.)
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Finally, regulation offers avenues for novel business by mandating change for expensive
novel solution, renewable hydrogen. According to a report from McKinsey & Company
(Granskog et al., 2025) the top three reasons for incumbent firms to invest into renewa-
bles technology are potential business opportunities, decline in existing business and
regulatory push. Similarly, interviewee 7 agreed that the climate change is “damn big
opportunity” for making new business. On the contrary, the top reasons hindering in-
vestment decisions include technology’s relative cost competitiveness, but also practical
issues such as infrastructure readiness (Granskog et al., 2025). Furthermore, investments
into renewables can be also cultural question regarding pure profitability as a quote from
coffee discussion with an ex- oil and gas professional shows. On the other hand, a review
of ExxonMobil’s 2024 annual report to shareholders (2025, p. V, 4 & 43) indicates that
incumbent firms recognize hydrogen’s relevancy in the future but acknowledge them too
expensive as of time being. In comparison, Neste (2025, p. 21 & 22) in their 2024 annual
report is showing clear emission reduction tacking as well as re-evaluating their hydro-
gen project for Porvoo refinery.

“The American oil and gas companies are playing much dirtier (oil production)
game compared to the European producers as I've seen. As if they don’t care
about it.” (Coffee discussion, engineer)

4.2.2 Regulation’s challenges

Where regulation is an independent variable as antecedent creating the hydrogen mar-
ket, actualizing business based on regulation is challenging. Although the EU directives
and regulations are clear and comprehensive on paper, variety of barriers and frustration
emerged between the interviewees that undermine their effective implementation. Un-
derstanding challenges is important because they impact how and where firms can en-
gage in the renewable hydrogen business, since the projects involve cross-sectoral plan-

ning and optimization.

Demand. First, as much as regulation is the enabler of the hydrogen industry, the inter-

viewees advocate it is delaying investments. Untrust and reliability of regulation hinders
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investment decisions since challenges in one part of value chain reflect to other parts.
Demand offtake is directly mediated by regulation, which in return impacts investment
feasibility. Demand reliability is key indicator of whether firms realize specific invest-
ments, meaning engaging in that business. However, whether one engages in business
by specific product types and “portfolios” as interviewee 10 mentions, versus overall
corporate and portfolio strategy, bases rather on firm strategy than regulation. Addition-
ally, these arguments further elaborate the importance of regulatory position due to the
system level change.

“(The RENBO mandates are) as good as its implementation in the member states’
law; Remains to be seen what opportunities this opens over the long term.” (In-
terviewee 1)

“And then the second challenge regarding demand uncertainty is real. It is hard
to get over, it becomes more relevant with financers.” (Interviewee 10)

“Well, [an oil & gas company] delayed their investments partly because the
planned mandate levels did not support their project’s size.” (Interviewee 9)

“And currently there is not enough supply (of e-Fuels).” (Interviewee 8)

Politics and regulation predictability emerged the main concern regarding the green hy-
drogen and e-Fuels’ ramp-up. Trustworthiness and longevity are key factors for making
investment decisions because first, whether the RFNBOs, renewable hydrogen have
mandated demand, and second, on which basis focal projects’ value systems must be
optimized. Especially, with e-Fuels such as e-methanol that require robust end-use adap-
tion, regulation’s reliability becomes times higher concern. Ultimately, the mandating
regulation is as good as it is enforced. The reliability concern arises especially with bank-
ability and being able to secure financing (financing discussed in chapters 4.3.1-4.3.2).
As interviewee 9 stated, a core issue when implementing regulation is that who will pay
for the mandated demand which creates pressure on policy makers.

“They (regulations) are a bit of moving target in the sense that when politics
change in the world, it kind of brings certain challenges. That OK, something is
happening or something is coming, but will it go through and in what form?”
(Interviewee 8)
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“Can you trust that the regulation will not go backwards because they are so ex-
pensive and especially then people think about what the acceptable way is to
reduce emissions.” (Interviewee 10)

“Either the end user has to be forced to buy with the mandate, or society has to
find a way to collect a bit more tax from somewhere and support it, but in any
case, this has to be paid for, and regulation is how that should happen. It’s a good
question how to push such regulation forward because typically, especially if we
look at it from a politician’s perspective, the situation can be quite difficult if vot-
ers have to pay more.” (Interviewee 9)

Furthermore, regulatory risk of the potential change relates back to the competitiveness
of the RFNBO-based fuels against other fuels and potential technical solutions. Alto-
gether, uncertainty of changing the regulation, mandates increase the risk that invest-
ments will not remain anticipated profitability in the future. Specifically, higher the de-
gree of adaptation between different value chain parts, greater the barrier. On the other
hand, fuel supply mandate’s fall back in other countries poses international policy risk
for demand, as the case of Swedish Biofuel mandates withdrawal impacted Neste’s ex-
port strategy (Mantyla, 2025). Essentially, a “lock-in” risk of executing project with set
return expectation against regulation.

“These revisions in regulation (Renewable Energy Directive) are fundamentally
good when they lead to an increase in demand. However, as long as the revision
just means that it is a large unknown uncertainty creating question mark, it will
paralyze the development of the market for a long time.” (Interviewee 3)

“Yeah, there are really huge risks in play. In monetary sum, [--] you have a 100-
million-euro ship that requires 400 million in land-based investments. So, yeah,
the shipping company must be committed to buying those fuels so that someone
makes the 400 million investments.” (Interviewee 7)

Where progress and reliability of the RFNBO mandates in RED Il and other policies rely
on elected politicians, the interviewees advocate that the sheer size and amount the
different regulations makes a distinct challenge. Managing between regulation on differ-
ent areas and sectors increases firms’ burden by the amount. Regarding the ecosystem,

an observation among the interviews was that policy balancing between different value
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chain steps poses challenge since, if a particular stakeholder is not incentives by regula-
tion, it poses liability to other parts. Repeated among the interviewee’s is infrastructure’s
readiness that is a practical issue but related to regulation.

“The clearest challenge this [hydrogen regulation] has is that this whole thing is
just so damn complicated.” (Interviewee 11)

“When you think about how much regulation there is and how complex it is, that
we most likely do not have any person that could really evaluate regulation’s
whole economic impact, potential business cases for companies or the market
development let alone for a single case. So, in my opinion the challenge is that we
have created so much requlation. It’s possible for one person to take over one
area and follow them, but to have one person who understands absolutely eve-
rything about this, that sound like there is not that many.” (Interviewee 3)

“Regarding hydrogen legislation, the challenge is that regulation has been cre-
ated for products that essentially did not exist in the market, and then substantial
and significant mandates and goals have been imposed on that product.” (Inter-
viewee 11)

“So, when it comes to what is going to happen in the future, it is still open ques-
tion but there will be cross sectoral competition. When we look at the maritime
sector, there has been relatively cheap fuel and now it is going to the other ex-
treme side” (Interviewee 8)

Finally, regarding political risk of regulation, trust on the regulatory framework is another
key conclusion from the interviews. Interpretation of legislation poses risk itself. Where
political risk from election’s volatility can be anticipated, as oil company St1l’s founder
Anttonen summarizes (Mantyld, 2025), some interviewees advocate legitimacy of legis-
lation and institutions poses another concern. Especially, interviewees mention the Eu-
ropean Commission’s Q&A documents particularly because potential legitimacy of insti-
tution cannot be predicted enough.

“Now there are these new legislating instruments that are the Commission’s Q&A
documents, that are not part of normal legislating process’ result. Instead, just
clarifying documents made quickly and there are interpretations to come. [author:
and it’s the European courts that make final decision how these are interpreted]
And that is the type of risk that no company will take.” (Interviewee 3)
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“We see the Q&A things like really problematic since this is not the first place
where they show up. First a law is implemented, and then afterwards comes like
this non-binding legal text that could change in the flight. It defines what that
law should be followed, and it is not good legislation that the Commission has
such goals, then the EU institutions, the Council and the Parliament come and say
that some your goals are not suitable now. Then it is decided that now in this
form and the afterwards the Commission tires to push back those original goals
that have already been rejected in that legislative process through this Q&A. [--]
Regulation should not be a risk at all.” (Interviewee 4)

4.3 Regulation’s strategic impact

The second empirical findings chapter analyses regulation’s impact on sustaining com-
petitive advantage. The findings focus on how regulation moderates the steps of busi-
ness process after the antecedent of change part in the framework (figure 4). The most
evident results: regulation affects every firms strategy in the renewable hydrogen indus-
try since every firm’s strategy basis on that. Firstly, regulation moderates the industry
and demand dynamics, and how focal firm engages in business is result of regulatory
position. Secondly, regulation defines benchmark standards of business. Adopting both

strategy and actions regarding regulation yield competitive advantage.

4.3.1 Firm strategy

This first sub-chapter examines the findings regarding regulation moderating firm strat-
egy in the industry. Sensing business opportunities through regulation is actual since
regulation itself is antecedent. Regulation defines market conditions by geography:
firm’s location impacts where and how business can be done which then affects optimal
business model. Moreover, both firms’ strategic position in value system and the mana-
gerial choices are moderated by regulation. How regulation impacts specifically, is case
dependent always as the interviewees mention. This can be recognized not only from
the industry value system analysis between incumbent industries and greenfield startups,

but in terms of where projects locate by energy investment characteristics. Overall, firm’s
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regulatory position determines the level of competition and business models in which
to engage by how firm engages in business based on regulation. Essentially, regulatory
position is which different regulations are relevant for a focal firm’s business, and part of
thatis understanding how regulation is relevant to the other parts of firm’s value system,
a strategic variable. Altogether, a mirroring sign of the regulatory position is the level of
risk exposure a firm holds.

“Regulation is what creates the market for the hydrogen economy products. In a
way an important part of your business strategy is handling it, understanding it
and at some degree influencing it. At least recognizing of the laws and on the
other hand, understanding its context in which regulation steers for certain busi-
ness actions.” (Interviewee 11)

“This business is defined by regulation so any firm must have if not perfect, at
least very deep understanding of the regulation.” (Interviewee 1)

“So that we get the first plant before 2030, that we achieve this strategic position,
and we can conclude Ok, we can deliver plants. | would say that we won’t tackle
with bigger players and cause of that we have not chosen China. Lot of P2X is
happening there but now there is not just readiness to compete with the Chinese
because they can operate much more efficiently. Until we know exactly what
needs to be done, it is difficult to go compete in China. (Interviewee Anom.)

First, a conclusion based the interviewee’s stance on regulation is that firms and manag-
ers must understand the relevant regulation to their business. The market dynamics, in-
dustry logics is the foremost topic that impact firm strategies. Other strategic topics in-
dicated by the results include product standards and development, and firm’s location’s,
geography’s regulatory framework. In order to develop offerings and products, firms
must be able to comply with regulation, norms and standards.

“The first dimension when you get in touch with regulation, of course in product
development. That means if you want to develop a product, it needs to be in line
with a lot of norms, which are not only set by governments, but also by ISO or
various organizations. You have to understand what the relevant laws are, for
instance CE, what are the norms for building an electrolyser. So, that was my first
contact with regulation.” (Interviewee 5)
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“One of the important tasks before you start any development is you have to un-
derstand what the regulatory framework for your development is and how do you
comply with the rules of regulation for a certain region.” (Interviewee 5)

“Yes, necessary in order to develop product standards, that implicate, if you are
following the standard, it is enough as well as a weaker standardized product will
not out compete mine from the market. It creates the trust towards the system
that it is known you can chemically confirm it easily which this product is pro-
duced. So, it also creates the safety through that, trustworthiness of the whole
system. If you lose the trust on the system, it becomes difficult to approve this
type of expensive (carbon/emission) reduction methods politically.” (Interviewee
10)

A countering argument, the interviewees express differing views on how regulation can
be source of competitive advantage. The development of technologies and solutions cor-
responding with regulation is recognized as a source of distinction, competitive ad-
vantage. Especially, some argue regulation itself does not create differentiation since the
molecules are the same, but regulation determines which methods are acceptable. Fur-
thermore, it is the regulation that then determines feasibility of different solutions by
how much not complying is penalized. Indicating how, where and when companies can
compete with their offerings and projects. The European Commission’s delegated acts
(1184/2023; 1185/2023) on the RFNBO-verified electricity criteria are an example of this
because as interviewees 3 and 10 mention, it is about finding the best technical solution
that is the most feasible with the requirements. Moreover, penalties are a major factor
for determining potential case viability against not complying. Overall, the production
criteria set by regulation relates back to the offtake conditions’ development regarding
what regulation requires and what is actually possible.

“Regarding the timeline of this future, it is very difficult to predict it exactly as the
regulation is still somewhat in mismatch with reality and there is significant dis-
crepancy between regulatory requirement on sustainability around the world.”
(Interviewee 1)

“I note here that regulation is always from the ‘outside’. So, inhouse competence
is just copying and understanding what happens outside. There is not regulatory
innovation or similar competitive edge related to regulation, and no one can pa-
tent their way out of regulation.” (Interviewee 1)
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“Norming organizations are quite important and, they also are defining the field
of competition and can exclude other companies from other region or companies
which don’t understand that. That means as a company, if you want to be suc-
cessful in product development, you have to understand the regulation, find the
best technical solution to comply with this regulation. What is the cheapest way
to do it? Then you enter into an environment of competition based on your un-
derstanding of regulation. So, it’s a very important field, in industries like medical
devices it’s basics.” (Interviewee 5)

“The product standards impact what kind of components and how you need to
manufacture them. And then if the standards are stricter than elsewhere, the
projects become more expensive to build on that set geographic location. And
based on this, the projects’ competitiveness is lower and their probability of being
realized gets lower.” (Interviewee 10)

The second side, a result of regulatory position involves understanding other stakehold-
ers and value system parts’ regulation. Changes in other areas of the RFNBO value chain
have direct impact on supply and demand dynamics, and regarding one’s strategy and
business model’s viability. Of course, all relevant regulation should be considered part of
managerial decisions regarding strategy. Specifically, conclusion of the interviewees’
stances is that regulations create dynamism into the industry dynamics that understand-
ing of which goes beyond focal firm’s own scope. Furthermore, regulatory position is not
only regarding competition between one’s own geography’s regulation against other ge-
ographies, but also about competition against different lead markets, sectors. Especially,
in the downstream end-use, industrial usage of hydrogen goes beyond fuels to areas
such as farming, chemical refining and sustainable steel production (Interviewee 5; Sec-
ondary source 10). The statement is backed by the limited actual growth compared to
how the required growth, and renewable fuels competition in maritime sector’s e-Fuels
against other fuels as well as other industries.

“Of course, regulation impacts differently depending on which part of the value
chain you are” (Interviewee 1)

“The regulation which defines the business of your customer. So, you have of
course competitive advantage as a supplier if you understand the regulation of
your customers because you can address them” (Interviewee 5)
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“Can you make the project? You can plan a project throughout and really well.
You can optimize it against all the regulations and challenge is that it is very dif-
ficult to understand your own competitiveness in relation to other regulations.
That you can, for example, --, someone has developed a project somewhere in the
world but then if you look at it elsewhere, the whole project has to be thought
differently. And then, because the regulatory situation, even how renewable hy-
drogen can be produced there is different, then what kind of requirements are
involved or how it works and that is difficult. Of course, it can be solved with ex-
pertise and time to understand, but it is complex.” (Interviewee 10)

Where the managerial decisions made based on regulatory position impact firm’s en-
gagement in business, another aspect of regulatory strategy is how a focal firm influ-
ences, advocates regulation. Conclusion of the interviewees is that having an inhouse
capability for understanding regulation in essential but approaches on how firms engage
in business based on regulation vary between two polar examples. Proactive firms en-
gage in the renewable hydrogen business regardless of regulation and legislation not
being finished. Specifically, these mean planning business, actualizing hydrogen projects
and lobbying regulation. In polar opposite, firms approach the industry in moderate way.
Furthermore, the moderate approach divides between two categories by ones that only
approach at small scale with experimenting. The second wait-to-see how regulation is
set up before making decisions towards hydrogen business.

“I think everyone in this industry understands how critical understanding regula-
tion is. It goes with firm’s strategy that there are firms which are very strong pio-
neers and want to make things happen first and then there are companies whose
strategy is more to follow the change and then act when its certain how the reg-
ulation will be. And both of these types are present on all of these sides (of the
RFNBO value system). When thinking about producers, some of them want to be
first movers strongly. [project developers] have come out with ambiguous strate-
gies and then there are firms that certainly are interested in this but move with
moderate approach. For example, [utility companies] have announced these
smaller demo plants, that they have something coming, but they are starting out
with a smaller one. And then, there are actors who haven’t yet announced their
project but are planning hard. So, there are definitely different strategies. It all
depends on what type of actor they are, what kind of risk tolerance they have,
how well hydrogen fits into their company’s strategy, and what kind of potential
they see in their own customer base.” (Interviewee 3)

“What kinds of positions there are on hydrogen regulation, there are so many
different positions among [energy] companies. Like there are renewable energy
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produces who are interested in opportunities to make long-term supply contracts
and can easily sell electricity to hydrogen producer [--]. But that is not necessarily
compelling specifically for industrial customer that wants steady supply. But then
in the case of renewable hydrogen, the regulation’s volatility matches the supply
by far. [--] Then there are these [names of established utility companies] that have
wide portfolios with both steady and volatile energy production, and they also
have more industrial customers that buy the steady supply. They then have much
different stance for this RENBO-regulation, and do not like the regulation’s vola-
tility at all.” (Interviewee 4)

The reactive way, lateral part of interviewee 3’s statement is backed by two arguments.
First, incumbent process industry logics apply in the system level change, adaptation and
innovation from grey to green. Second, firms in incumbent industries have number of
reasons to avoid entering the emerging hydrogen industry. Risk avoidance is character-
ized between variety on causes with uncertainty being the ultimate factor. Regulation
itself contains risk and how policy is managed by officials in a set country or region im-
pacts the business opportunities there directly. While regulation’s uncertainty is one part
of risk avoidance, limitations in differentiating from firm’s core business support the ar-
gument. Especially, in the end-use and end-demand sides.

“Like these heavy process industries, they do not really have any reason to be the
first in the (hydrogen) market. Instead, they have all the reasons to wait on how
things begin and how competitors move. [--] They should definitely not allow any
project developer to enter their business area but instead wait and see how things
begin and hold in their own hands the management of these projects.” (Inter-
viewee 4)

Furthermore, trumping the idea of incumbents entering hydrogen business, as well as
horizontal integration become controversial because focusing outside core business
poses to “business risk”. Rather effective strategy of integration is co-participation in
project management as the interviewee 10 mentions. The ‘pool’ of fuel availability in
terms of renewable hydrogen projects is so large that the end-users do not need to enter
the production. On the other hand, electricity production for hydrogen production is in-
centivized by lowering energy price of renewable while their supply rises. However, fuel
refining is outside utility companies’ business. In conclusion, the incumbent firms gain

advantage from being able to bring their core business understanding to the industry.
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“You have many EPC players which have established business in the process in-
dustries and for them, it’s just a next step to move into that field. And | don’t see
anybody coming up from the medium level side to that business because the pro-
jects’ risks are so high, financial power is so high.” (Interviewee 5)

“Yes, a variety of combinations can be made there. The challenge is that if hydro-
gen is more tied to infrastructure, and fuel producing carries more of merchant
risk, leading to different risk levels, where the higher capital cost for that expen-
sive hydrogen production investment is also higher. And a renewable fuel pro-
ducer cannot really integrate forward, but instead then some maritime operator
can also decide to be an investor with either small or large stake. Then even at
hold-co or top-co -levels, meaning the overall level of project developer or as an
SPV (Special Purpose Vehicle) in individual projects, where they have a stronger
interest and are well acquainted with those projects.” (Interviewee 10)

Finally, as mentioned already, in addition to determining how firm engages in business,
the findings suggest regulatory position and strategy mirror the level of risk a firm is
willing to take. Considering, how much uncertainty the interviewees state regarding both
regulation and practical development, early-movers certainly bear risk. However, result
of early-mover strategy is achieving market leader position. On the other hand, the risk
of complying the regulation, such as the RED llI’'s mandates before any have been penal-
ized practically makes the business viability fictional.

“At the same time players have also the risk that the mandates stay active, and
you do not get penalized from not following the mandates. So, like, you have the
risk of taking risk that you comply with the regulation’s mandates. Or you take
the risk of not complying, potentially paying penalties. This is very, very new situ-
ation to many companies.” (Interviewee 3)

“The startup disadvantage is huge because you have to have finance and build
up your own business as this, this business completely on the new green mole-
cules and you are relying on earning all your profits there. But if you are company
with let’s, say which is active in the grey world and the old fossil world, you have
of course revenues there also today which you can use to finance your transfor-
mation to the green molecules, which is much easier.” (Interviewee 5)

“Then again counter party that is an e-Fuel player, they have the requlatory risk,
and they also have plenty of other risks, project management risk. So, that way
risk management is challenging and if we think what about where the e-Fuel is
sold to. Many firms can question that whether they are ready for it being cost
plus mechanism, meaning they take larger risk from electricity’s price. Which is
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the kind of risk they are not accustomed or willing for. But then if you sell it as
fixed price, you have the kind of risk position in the production that it becomes
difficult for you to make the project. And you must be able to manage that
throughout the whole value chain. As if Pay as produce PPA, accept that.” (Inter-
viewee 10)

“How this comes back to regulation is that can you question what kind mecha-
nisms would support that these projects’ risk levels could be brought down be-
cause if regulation changes, you might not be able to operate the plant anymore.”
(Interviewee 10)

In addition to regulation’s impact on firm strategy, horizontal and vertical integration in
the RFNBO value chain was an emerging topic of discussion. Depending on value system
position, forward and backward integration are lucrative idea in renewable hydrogen
production since the industry is emerging, lacking clear market leaders and the structural
forces are not measurable by actual performance yet. Especially, the ‘complex’ electricity
supply rules make it that energy producers could produce fuels since electricity price
decreases as amount of renewable production rises. However, the interviewees trump
the idea of incumbent firms integrating, at least outside a firm’s core business due to

high uncertainty as the interviewee 4 suggests.

Instead of horizontal integration, the interviewees do advocate the importance of part-
nerships. In essence, the industry’s development relies on the value chains development
as well as on technology development. Partnerships offer strategic benefits such as busi-
ness model bundling, where two or more focal firms excel each in their distinct focus
area, complementing each other. Project management is especial example of this: one
provides the electrolyser technology and other partner manages the EPC execution. Sim-
ilarly, Fortum has announced smaller demo projects with different partners including
demo e-SAF production for Finnair (Liquid Sun, 2025).

“Those technologies we must partner with someone.” (Interviewee 6, 15 round)
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4.3.2 Business model and regulation

Overall, business model optimization is the core aggregating result through which firms
translate regulation into competitive advantage, regulation is not an external constraint.
How business models and business model innovation, both moderated by regulation
contribute to firm competitive advantage begin with the firm’s regulatory position. The
business model optimization becomes a question by which approaches fit for the focal
firm’s core business and strategy the best based on regulation. Essentially, optimizing
means findings the best, optimal technical solution to produce the most competitive

product.

A majority of interviewees emphasized regulation’s explicit input in financial planning
and project management. Specifically, interviewees state that it is about finding the best
technical solution and increasing efficiency that drive competitiveness since the effect-
ing regulation is the same for everyone. The same is stated by the Neste’s technology
leader, Lindfors suggesting that innovations with lower cost structure gain competitive
advantage (Mantyla, 2025). Firms must recognize which regulation they are subject to,
and gain knowledge of it because as mentioned it affects the case viability directly. Alto-
gether, the interviewees’ statements indicate regulation as a core part of value creation
in business models. Maintain regulatory expertise and capabilities are an essential real-
ization of firm’s regulatory strategy and core part of key resources.

“Regulation must be complied with, so that it is considered part of all financial

calculations and like in market analysis and so on.” (Interviewee 1)

“For us it is analysis regarding how it (regulation) affects the demand of our prod-
ucts in the market, and how it affects our projects and our business cases and
overall, our whole business.” (Interviewee 3)

“We approach it in such a way that its (requlation) expertise is part of strategy
that it is not something external. It is also not something that cannot be out-
sourced if you are in a business whose business concept and financial results are
based on regulation. So, then that expertise must be in-house that you cannot
outsource it to an organization or other actor, but you must have the competen-
cies to anticipate, read, influence and draw conclusions from it for the develop-
ment of your own business.” (Interviewee 11)
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The most evident conclusion regarding business models is that regulation defines busi-
ness model feasibility in the hydrogen industry. The statement bases on the earlier men-

tioned finding regarding market dynamics, offtake’ conditions and demand’s formation.

Secondly, in order to meet the demand, the renewable hydrogen regulation determines
requirements of the production. Regulation holds multi-sided impact: value chain relia-
bility and management emerge key topic regarding what is possible in terms of meeting
the mandated demand. This relates back to what is technically possible and what regu-
lation demands. Furthermore, a controverting argument rises between how much regu-
lation creates business, and how business is actually made. As the CEO of P2X Solutions,
Herkko Plit states they produce products based on the customers and what they demand,
(SuomiAreena, 2025a, 38:00). Moreover, as interviewee 10 stated, and Plit (SuomiA-
reena, 43:00), the price of carbon dioxide determined by regulation that creates the de-
mand. In other words, the end-customer of the renewable fuels is the main question
where regulation influences.

“To make investment decisions, that is what regulation is. It’s the demand creator,
it gives you the framework, so how do you source electricity, how do you get car-
bon dioxide, how do you operate the plant. That defines the business case, and
by that defines the price of your product, and then at the same time it defines
whether there are customers for your products or not.” (Interviewee 3)

“The mandate revisions are things that are in the minds of both producer and
customer. If the customer does not have target, then why would they pay for more
expensive product. And if the mandate is unclear for producer and there is the
target and the customer, then you cannot construe you position in the market”
(Interviewee 3)

“What is the optimal technical setup to produce the most cost competitive prod-
uct at select location. It begins with that what kind of power purchasing mix is, it
can even start with what if you invest into upstream, what kind process wind-
solar-BES or other set up there is, how do you optimize storing the hydrogen. And
in addition to these, are you ready for not everything being RFNBO, so how do
you optimize the RFNBO versus low-carbon’s ratio. And then how do you develop
the project, how much optionality do you need in the contracts that if for example,
nuclear energy’s role in reqgulation changes in the future, then like how would let’s
say grid mix work, and like what do you want to keep open as option [--]. What



74

would seem the best in terms of the risk-return ratio in relation to the costs.” (In-
terviewee 10)

“Yes, competitors do think of this in similar way. And it is more about who finds
the right customer and the project that gets to the finish. Like now we have lot of
customers here, but we are not talking about FIDs yet. Now that regulation is
uncertain, we do not dare to take even the FEL2-stage decisions because of regu-
lation.” (Interviewee 6, 2" round)

The results indicate that strategy acts as a key intermediary between regulation and busi-
ness model and its innovation. Notable, this does not negate the fact that regulation
affects business models directly in the case context, by articulating business opportuni-
ties that in turn influence opportunities reflected by strategic orientation. As the inter-
viewee 3 mentions, regulation determines the technical solutions for products, and
whether the products have any customers. Although, the strategic approach firms adapt
articulates the technical solutions, but that is not be related to regulation so much as
interviewee 5 argues. A common view among the interviewees was that regulation is
clear on paper but actualizing it via business becomes complicated and challenging.
However, business model/case optimization is holistic approach to gaining competitive
advantage by including capabilities to make regulation into business.

“Regulation is clear on paper, but then the implementation side is challenging,
and maybe exactly there we get to the hydrogen production plant.” (Interviewee
4)

“They (e.g., RED Ill & Delegated Acts) are easy to understand but not easy to im-
plement, so at that point there becomes the need for hydrogen storages and
other [Author: sorry, so optimizing production practically?] exactly! Also, the need
for infrastructure, so if there was a hydrogen pipeline somewhere connected to a
storage, it would do the job. But as long as the pipeline infrastructure does not
exist, the timely correlation is pretty challenging. Really, only those end-use cus-
tomers that accept the volatile production can be serviced.” (Interviewee 4)

“An early mover understanding requirements of the business case of the customer,
maybe not so much regulation in this case, but that's definitely an early mover
advantage when you understand the full needs of your customers” (Interviewee
5)
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“Regulation creates the conditions for whether a project can be initiated or not,
but there may be conflicts regarding the clarity of regulation. There are so many
specific issues that, and only at the end, can the project be optimized?” (Inter-
viewee 10)

Regarding business modelling, managerial choices on strategy determine which kind of
products and solutions a firm decides to offer. The chosen strategic approach defines
value proposals and the best solutions for creating them, and what are the best perfor-
mance metrics for tracking and defining performance’s progress. Furthermore, as inter-
viewee 5 suggest, winning against competitors comes down to convincing customer that
the proposed solution offers the best value.

“The view of [wind mill technology provider] from the very beginning was always
on the total project levelized cost of energy and not the CAPEX of the wind turbine.
That means they optimize the project with the right selection of the wind turbine
when they are to make the proposal to customer and say, OK, you have a project
here. What is the location, what other wind speeds and how that does not change
over the years. So, they were able to analyze and mix best offer which was a tech-
nology selection 1%t. And from the CAPEX it was never the best, it was always one
of the highest. [--]. They chose a more expensive solution to have a more reliable
wind turbine.” (Interviewee 5)

As regulation determines both the customer and product, it foremostly indicates where
the customer is located, as interviewees 3, 9 and 11 mention. The RED IlI's mandates
indicate potential export opportunities, determined by firm’s geography and strategy.
On the other hand, getting fuels to customer is moderated by infrastructure readiness
more than regulation, but moreover, building infrastructure becomes hard without mar-
ket existing. All of the interviewee’s agree that before any pipelines are built, it must be
known who buys what, and where the product is to be transferred to. For example, in-

I"

terviewee 4’s response:” Exactly

Financing emerged with several interviewees as closely linked with hydrogen regulation.
Together financing and regulation contribute to gaining competitive advantage by secur-
ing bankability. Across all levels of the value chain, project financing is influenced by the
regulatory context. As noted by the interviewees, project feasibility hinges on the regu-

lation that impacts the offtake viability. Both of which are in critical part of early-stage
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bankability assessment by financers (Flink & Kuhn, 2025). As interviewee 10 mentions,
the concern regarding demand uncertainty “is real” especially among financers. On
other perspective, project management and financing capabilities are another concern
which correlate by focal firm’s size and experience. What regulation ‘demands’ impacts
firm’s ability to manage project, and competitiveness against other regulations based on
the offtake analysis.

“You get visited by local project developers that are not strong balance sheet
companies and then, the foreign rivals could offer clearly cheaper (offerings).”
(Interviewee 10)

“First of all, if you want to do a multimillion-dollar project you need to have the
financial power to finance it. So, lot of the small electrolyser startups are not able
to go to the EPC-level because their financial strength is not there. And also, the
customer will never give a million, multimillion order to a small company because
the risk if something happens, it’s quite high that you will never get your money
back.” (Interviewee 5)

Furthermore, project management capabilities impact financing power because manag-
ing invested capital in order to achieve targeted returns. Relating back to regulatory and
value chain positions, achieving project marginality correlates especially with one’s core
business. As interviewee 10 mentions, this extends beyond downside risk into projects
cash flow. Under regulatory uncertainty, this translates into solvency issue: whether a
project is even feasible by achieving revenue with existing regulation before even profit-
ability is considered. Similarly, interviewee 6 advocates that calculated project returns at
current assumptions determine whether customers engage with earlier stage projects
and planning. While regulation determines feasibility of the projects, that is the offtake
development, other aspect is the ability to deliver projects within expected costs. As
observation, project management experience is as good an idea as firms get to realize it,
where a result of gaining this experience contributes to gaining first mover advantage.

“Many offtakes case are not feasible in the sense that financier could invest into
the project based on it (offtake). It requires a very solid balance sheet company,
and in addition, the contracts need to be quite strict so that the project can be
financed.” (Interviewee 10)
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“Most buyers may lack the understanding, capability or willingness to take on for
instance, the price risk of renewable energy or energy price risk in specific market.
If that energy is purchased merchantly, then the price is formed from the electric-
ity market. Additionally, when you try to finance projects with a typical project
having assumption of 12-15% IRR (internal rate of return), it is able to achieve an
NPV of zero somewhere around 7-8 years. You need at least 7-8 years for the
projects to at least offset the downside risk. It is a really long-time frame for many
positions, because if you make long offtake agreements, you also take large busi-
ness risk yourself. If for example, airliners made long and large offtake agree-
ments now and regulation changed, they could not get out of them anymore.
There is a solvency issue that can lead to the questions of whether the financer
even sees those offtakes as being viable if they see that they can put that coun-
terparty at solvency risk.” (Interviewee 10)

“I see two types of financing for these, meaning there are those who can take on
a lot of risks and start producing with risk, likely the oil companies can do this.
Very few can. Others will be making these 15-year contracts and will be seeking
safe bankability, and the whole value chain’s bankability challenge is quite signif-
icant. And this is influenced by regulation.” (Interviewee 8)

Furthermore, what the findings indicate is that project financing is global competition
on the basis of investor return expectations. However, a couple of interviewees men-
tioned a solution for gaining capital other than private: public funding. First, different
public funds, such as the European Hydrogen Bank and auctions are often part early-
mover project financing (The European Commission, 2025b). Especially, these allow
startup owners retain ownership while accessing capital with lower return expectation,
thereby reducing investor exposure to risk. However, as the CEO of the Finnish Teknolo-
giateollisuus Minna Helle and the CEO of pension fund Elo, Carl Petterson state, hydro-
gen industry must emerge with the private sector’s companies leading it (SuomiAreena,
2025b). Second observation is that funding allows to develop capabilities. Especially,
R&D funding such as Business Finland’s Veturi program allow firms to develop techno-
logical solutions as well as retain key knowledge in companies.

“Project competitiveness becomes also regarding capital expenditures. There is
the Middle East, the USA might have interest especially in the Middle East, maybe
in Asia, in China, to wait and expect lower returns from the first projects. So, that
market share can be gained. And that creates even more competitiveness chal-
lenges for European projects to find customers if you can purchase it clearly
cheaper from elsewhere.” (Interviewee 10)
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“Well, in moderate sense, who owns plants is a bit of a question. It’s probably still
not known, but definitely the financiers define it, and where the capital comes
from, they are then de facto the owners of plant.” (Interviewee 1)

Risk management as activity emerged especially between finance and regulation. More-
over, value chain position determines which kind of role a firm can and should take in
managing projects since they correlate into risk profile and marginality but also into gain-
ing experience in the emerging industry, as mentioned in the chapter 4.3.1. Overall, the
interviewees mention risk management in the managerial strategic decision making,
than as ‘practical’ activities. Although, particular quotes were mentioned by two inter-
viewees. First, interviewee 3 suggests risk management part of contract management,
also mentioned by interviewee 2. Second, health and safety management were strongly
advocated by interviewees 5 and 6. Especially, due to hazardous nature of chemical pro-
cess industries, public perception can strongly impact political support of the novel tech-
nologies.

“I like to talk about increasing awareness, like finding strong partnerships as well
as finding the risk management models for new contracts. Like, we operate in a
new market, so we have to dare to think about things in new ways.” (Interviewee
3)

“I'm always concerned that if these very small startup like companies do large
projects that have as in safety issues or HSE as health, safety, environmental is-
sues, which to then the public view says, OK, this is too dangerous and change
the picture. So, I'm very afraid of all these new companies that often are small
teams trying to do big things.” (Interviewee 5)

Network management: dialogue with customer and stakeholder regarding regulation
was brought up by some interviewees. One aspect of this is influencing policy making,
lobbying as mentioned in earlier quote from interviewee 11. Second, business realization
and impacting own interests and benefits. Furthermore, dialogue means beyond just
communication but actual stakeholder interaction. Co-operation via lobby groups, in-
dustry groups is actual since policy makers must and want to hear what is actually, tech-

nically possible from the firms. Overall, as the guest panelists suggest (SuomiAreena,
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2025a), creating a regional ecosystem, a value chain requires collaboration between
companies.

“Of course, there is participating stakeholder hearings and discussion with rele-
vant parties always whenever there is an opportunity to present both in national
and EU level. Stakeholder cooperation and field consultation are a big part of the
political process and an important part of law drafting, so it is essential to listen,
discuss and consider what the common rational approaches to issues are.” (Inter-
viewee 3)

“For us it is understanding the business opportunity. Tell that to the customer that
here is this carrot now because those that would have the potential of capturing
this opportunity, do not necessarily understand this and that we need to teach to
the customers. And what is a good example is that it is important. This involves
politics among others, we need to discuss to everyone why this (e-Fuels) is re-
quired. So, how would | say, if we create business that we also must talk to whom
buys the fuel. But at this moment of operation, the price tag comes to the con-
sumer, and they must also understand okay, now | am paying for this and a lot,
why?” (Interviewee 6)

“That is why we are part of the national hydrogen cluster. [--]. Then of course,
(we) are strongly part of European organizations, where we aim to gain insight
into what are the main things that are being focused on in Brussels and which
way they are evolving so that we also understand long-term impacts.” (Inter-
viewee 11)

Finally, concluding the relevant findings regarding BMs, while lobby and industry groups
are seen as a channel for common discussion of what are the mean opinions and ‘posi-
tions’ among their members, direct lobbying activities offer alternative method. Usually,
it is the mix of two as the interviewee 9’s comments suggest. Most prominently, lobbying
results in competitive advantage by initiating a market, establishing industry logics and
allowing to engage with it before competition does. The case of Neste lobbying and en-
tering biofuels was mentioned repeatedly on many occasions, such as by three inter-
viewees, 1-on-1 talks with ex-Neste employees, and news coverage (e.g. Mantyld, 2025).
Considering variety of firm strategies for engaging in the hydrogen-based business as
mentioned earlier, lobbying also varies between how much firms do it. A direct activity
includes having company representatives in lobby groups’ boards of directors or working

groups on specific topics, and on other example, influencing policy making processes as
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much as possible (Secondary data 2). Direct influencing including discussing with policy
makers, as well as active engagement with industry groups, that are lobby groups since
these have influence towards decision makers. Other tactics include position papers and
public consultations part of legislating processes.

“Other firms have quite a lot of their own advocacy activities. They might be a bit
more lenient. Some big corporations have headquarters somewhere, if it’s not in
[country]. Many of the large ones typically have their own Brussels organization
that focuses purely on influencing the EU.” (Interviewee 9)

“Yes, back when we were there, Neste was able to gain significant profits by lob-
bying and getting the biofuel mandates setup since competitors were lagging be-
hind in (entering) biofuels.” (Coffee discussion)

“When they set up the biofuel mandates in EU in 2008-2009 at 10%, [--]. In Fin-
land a 20% mandate was made. And | see that it was in greatly significant role
that the industry was born in Finland. UPM invested, and Neste had invested ear-
lier and grew like into larger globally.” (Interviewee Anonym.)

“You have these large organizations, you have the quality management to regu-
late and also you do this advocacy with the political decision makers. So, they
have a huge base business. They understand the grey hydrogen today in their
markets because hydrogen is the key business in industrial gases. So, they’re well
set up for that game because they have the organization also all the knowledge
in place to understand hydrogen from its very basics.” (Interviewee 5)

4.4 Summary of the results

The study’s goal was to understand how firms sustain competitive advantage by under-
standing environmental regulation in the renewable hydrogen industry, with business
model innovation impact on competitive advantage the main theoretical lens. The figure
12 presents the findings under the revised theoretical framework, the empirical findings

are inside the dash lined boxes.
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5 Discussion

The final chapter of the study consists of the discussion and recommendations of this
study. Firstly, theoretical discussion on regulation’s meaning for business model innova-
tion and competitive advantage is focused on. Secondly, managerial implications for
both general public and the case company are discussed. Thirdly, policy recommenda-

tions are presented.

5.1 Theoretical contribution

Gioia states that theoretical contributions arise from development of novel concepts
and/or their relationship among the concepts helping to understand the phenomena,
that is theory (Gehman et al., 2018, p. 290). Foremostly, contributions address the re-
search question and gap. First, the study contributes with in-depth look into environ-
mental regulation’s impact for business, strategy, and business model innovation, alto-
gether competitive advantage. While scholars argue business model is result of strategy
and a source competitive advantage (e.g., see Teece, 2018; Casadesus-Masanell & Ricart,
2010; Foss & Saebi, 2017), and others suggest BM and strategy are combined (e.g., see
Bigelow & Barney, 2021). It is safe to argue that where firms seek advantage from regu-
lation, decree of regulatory context dictates impact on firm level strategy, and the find-
ings suggest especially in regulation driven markets. Furthermore, the study supports
the current trend of holistic sociotechnical transitions requiring firms to innovate as
whole (Bidmon & Knab, 2018; Lideke-Freund et al., 2024) and suggest environmental
regulation catalyst strategy before shaping business model. However, the findings sup-

port that regulation is antecedent of BMI in incumbent process industries.

Regulation offers competitive advantage more than when it is only an antecedent of
change, business model innovation (Rabetino et al., 2025; Foss & Saebi, 2017). Under-
standing, influencing and engaging with regulation is a core part of realizing the BMI

process towards implications for one’s business model. Gaining competitive advantage
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is result of managerial process (Kouamé & Langley, 2018), as much as it is utilizing dy-
namic capabilities (Teece, 2018; Bigelow & Barney, 2021). Therefore, it safe to argue reg-
ulation is useful for competitive advantage as much as managers are capable realizing it.
However, as said, this resembles the basic function and meaning of dynamic capabilities:
sensing, seizing, and transforming. Rather, the findings demonstrate that firm’s re-
sources, capabilities and managerial decisions contribute to actualizing firm strategy into
business model innovation. The findings support the thesis’ theoretical stance: regula-
tion drives strategic orientation, which in turn guide BMI choices and ultimately firm
performance, with occasional direct regulation to business model effects. This causal

view integrates strategy, regulatory capability, and BM design into one framework.

Massa et al. (2017, p. 95) call for how much ecosystem explains BMI performance, the
study contributes by explaining regulation’s role as an indicator on how value system
emerges in the sustainable transition, that is regulation driven. While key challenge is
that hydrogen business relies on regulation being ‘clear’, the findings suggest it is the
ecosystem’s readiness where this clarity impacts, also contributing to explaining sector
specific dynamics (Ludeke-Freund et al., 2024, p. 147). Especially, according to Lanzolla
and Markides (2021) high structural forces pose barrier to gain competitive advantage
through unique BMI, while this study’s findings suggest innovating process efficiency,
that is value creation and delivery, emerges from successful business model optimization.
That is, finding the right customer, optimizing value chain, but also, being able to manage
financial capabilities and risk management. In conclusion, Bigelow and Barney (2021)
suggest business models conceptualization as monetization/value capture conceptual-

ization, and the findings suggest regulation moderates these logics.

Second, the findings support the Porter Hypothesis (PH) (Porter & van der Linde, 1995)
that suggest in favor of strict environmental regulation increasing competitiveness and
suggest that especially international competitiveness arises rather from practical inputs
other than regulation such as ecosystem’s viability to organizational inputs for strategy.

However, the findings do also support the PH’s weak version (Fabrizi et al., 2024, p. 170)
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that environmental regulation acts especially as stimulus for production, value creation
innovation in the greenfield industry of renewable hydrogen. In fact, the findings suggest
strong environmental regulation supports innovations by providing predictability, invest-
ment stability, cost competitiveness by margin and demand certainty. These also support
argument from Leisen et al. (2019) that suggest regulatory risk concern mainly revenue
certainty on price, and | find that regulation also defines the customer as well as cross-
sectoral barriers of innovation. Additionally, the Pollution Heaven hypothesis is trumped
by suggesting that firms have incentive to continue doing business where they are lo-
cated. Especially, when exit barriers are formed by high sunk costs in incumbent process
industries, where sustainable transition can either be catalyzed by regulation but also by
rising growth opportunities. The energy industry’s ultimate barrier to exit is infrastruc-

ture.

5.2 Managerial implications

The most prominently the study contributes to managers in the emerging case industry,
renewable hydrogen and fuels by synthesizing regulation’s strategic impact. Regulation
offers beyond the general industry logic for competitiveness from technology and effec-
tiveness optimization. Especially, the study suggests partnerships offer a way to mitigate
industry forces. Because different value chain parts hold different risk levels and barriers
of entry vary between in process industries. Especially, a profound understanding of
one’s own business and what a partnership has to offer is required for successful assess-
ment. Achieving feasibility, over down high risk and understanding one’s own competi-

tive position contribute to managing risk levels between different value chain stages.

Secondly, more broadly, managers can improve their business, strategy and business
models in variety of ways from understanding regulation. While regulation is an external
constraint itself, the ability to understand and adapt it part of business models, can allow
to gain competitive advantage. Especially, understanding viable product solutions and

specific customer segments. By predicting and influencing how regulation folds, firms
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can pave their future business opportunities before competition matches those. Essen-
tially, lobbying is powerful tool of securing strategy by decreasing business risks in regu-
lation’s reliability. Especially, lobbying is everyday business in regulation driven industries.
At the core level of strategizing, capabilities to understand regulation and realize busi-
ness on that becomes essential. Finally, since regulation holds political risk, managing
strategic decision from the risk management perspective is part of every firm’s strategy.
Moreover, solutions to the various risks, challenges and barriers advocate risk manage-

ment.

5.3 Policy recommendations

The author gained significant insight into hydrogen policy and decision-making processes
in the European Union, especially a diverse cross-sectoral perspective. Therefore, policy
recommendations are given. First, national policy makers should offer the information
of regulation and legislating processes in English and other relevant languages. The fi-
nancing streams for renewable fuels’ projects are global, and therefore clear regulative
information is evitable in order to attract foreign capital. Foremostly, governments offer
legitimate and trustworthy authority on information since they are responsible for leg-
islation. The issue emerged especially during the tracking process of the RED Il national
transpositions, and even with holistic updates from industry groups such as Hydrogen

Europe, actual contents of national laws are often available only in national language.

Secondly, foremostly, the green transition into e-Fuels in sectors such as maritime and
aviation, requires long-term trustworthiness from policy makers. Therefore, contracts
for difference offer robustness for the offtake of first mover projects in comparison to
supply mandates that are subject to election volatility. Climate policies such as the Euro-
pean Green Deal targets 2050 for achieving carbon neutrality but the early-mover un-
certainty present unbearable barrier for e-Fuel adaptation. Especially, the findings sup-
port Liesen et al. (2019) that suggest niche innovation require strict price setting regula-

tion.
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5.4 Suggestion for future research

The emerging status of the renewable fuels industry and sustainable development offer
opportunity for longitudinal case study regarding how firm performance is affected by
regulation. The transition from fossils to renewables offers decades of business oppor-
tunities and innovation to be researched, from variety of perspectives. For the study’s
topic, business model innovation and competitive advantage, regulation’s long-term im-
pacts on business will be relevant by topics such as regulation’s reliability, global com-
petitiveness and correlation towards financial performance. Especially, how regulation
is moderating between first mover advantages and sustained competitive advantage,
and how business model innovation impacts in between. Furthermore, longitudinal
study on hydrogen regulation would call on Bigelow and Barney’s (2021) suggest for

long-standing challenges in strategic management.

Secondly, a multiple case study between different industries, regulated fields. Although,
regulation is context dependent, comparing between different fields could give rigor to-
wards general strategic management literature. Comparison between sectors such as
banking, medical industries and energy industries provide avenues for comparative case
study. Not to forget a comparison of industries between different geographies and their
contribution to global competition. Especially, the climate change is a global challenge
requiring contribution from all nations. Combined with longitudinal performance study,
this would also contribute to economics studies of environmental regulation’s competi-
tiveness. Moreover, greenfield industries offer novel avenue of competitiveness re-
search from the dilemma between Porter Hypothesis and Pollution Heaven hypothesis,
where competition between fossils and renewables is one question but competition be-
tween different renewables offers another perspective. Especially, the renewable fuels
have many potential solutions for the hard to abate, electrify industries, maritime and

aviation.
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5.5 Limitations

Despite the contributions on regulation’s meaning for competitive advantage, the study
holds certain limitations. Firstly, the interviews regarding the European Union’s renewa-
ble hydrogen regulation give in-depth perspectives but may be too general and not ap-
prehend hydrogen regulation’s global scale. Foremostly, national differences between
EU member states also pose limitation, since national laws differ but also do industry
characteristics. However, the European Union, specifically the European Commission
hold legislating power over the member states, making it reliable source for study’s focus.
Regarding the sample of 11 interviewees is cross-sectoral, and secondary data was col-
lected to enrich the data as mentioned in data collection. The interviewees represent
variety of different sectors under the renewable hydrogen industry as mentioned. Re-
gardless of the international and global perspectives given by multiple interviewees, the
study lacks interviewees from other geographic areas outside the European Union. The
geographic limitation’s especially impact the reliability in terms of replicating the study

in other parts of the globe but so does the context.

Secondly, the case industry, renewable hydrogen and e-Fuels is in emerging status and
the regulation is evolving. The European Commission’s RED IlI's RFNBO mandates be-
come realized the lates in 2030, in less than 5 years of this study. None the less, the
FuelEU Maritime’s RFNBO mandate sets in action the latest in 2034, not to mention
IMO'’s resolution for carbon reduction goals to be voted in October 2025. These highlight
the cases industry’s characteristics, regulation is ever evolving topic that what is found
today in the results, could change when time progresses. For example, the USA’s 2028
presidential elections in 3 years could bring alternative approach on the Trump Admin-

istration’s climate trumping policies offering alternative of a comparative case study.

Additionally, the value chain analysis focuses on the general characteristics of RFNBO/e-
Fuels/Hydrogen value system, without in-depth look into specific technical details, solu-

tions, or technoeconomic analysis. However, the focus is on the general level
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characteristics of the whole value system in holistic study, making detailed specific anal-
ysis irrelevant. Of course, if the analysis was to be comparison between different solu-

tions, the technoeconomic analysis should be considered in detail.

Thirdly, the author worked in a technology-EPC solution provider company, Andritz’s P2X
business unit. This can be seen as challenge for mitigating bias. However, repeating the
data collection, both the primary data and secondary data relied on external sources,
with only 2 interviewees being from Andritz. A key limitation is the writer’s subjective
interpretivism from the EPC perspective. However, the grounded method aims to solve
this, as well as collaboration with Andritz fast tracked the author’s ability to gain under-
standing of the vast topic. Especially, the author’s linkage to the company could have had
both benefits and limitations when prospecting potential interviewees. Availability of
interviewees willing to participate was limited due to the case topic’s sensitivity. Relation
to corporate strategy and competitive advantage, and the emerging status of the case
industry limited sample group. Additionally, regulation relates to politics which could
also limit interviewees’ openness of expressing opinion, and cause bias. Although, the
interviews with external stakeholders focused on open information, regulation and gen-
eral industry aspects than corporate strategy in order to avoid competition/business car-
tel issues. Interviewee 4 recommended mentioning the sensitivity of strategy as topic of

discussion that was acknowledged in the beginning of interviews in later interviews.
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Appendix

Appendix 1. Reference guiding document

Thesis Interview, Guiding Document Aleksi Aaltonen, University of Vaasa

15.5.2025

Guiding Document

This document provides example on how interviewees are mentioned, referenced and
cited in Aleksi Aaltonen’s master's thesis regarding competitive advantage and renewa-
ble hydrogen regulation. The decument's purpose is to clarify uncertainty regarding re-
cording the interviews and how the given answers are used. The interviews pravide the
primary data for the thesis. The interviewees are encouraged for open discussion since
the study can result in novel contributions to strategic management literature, hydrogen

industry and business.

1.1 Reference example

The following table demonstrates how participants are mentioned in the thesis’ appen-

dix - the interview transcripts are not included.

Interviewee | Position Relevant experience in years | Length

1 CEO 15 B0 min

2 Director 20 65 min

3 Director 5 55 min

4 Vice President 25 1h 20 min
5 Consultant 15 1h 30 min
B

The interviewees are numbered to distinct citating between. Foremostly, most inter-
viewees' positions are categorized into general categories. Executive position are as they
are, but others are generalized. For example, praduct owner would be ‘manager’, and so
would public affairs manager be ‘manager’, but a ‘Public affairs vice president’ would be

mentioned only as ‘vice president’.
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1.2 Citation example

The interview results are discussed part of the findings chapter. The chapter’s goal is to
build answer for the research questions, and overall, the findings chapter builds around

the theaoretical framework.

Example:
‘The first section of the findings presents regulation's relevance for the case industry,
renewable hydrogen. The interviewees strongly advocate regulation's importance for

the whole industry.

“Understanding the regulation is o must in erder to participate and operate in this
industry at all.” {interviewee 1)

“The whole industry builds up on regulation, and foremaostly, every firm’s strateqy
will begin and base an the regulation” (Interviewee 3)

Howewver, although regulation is recognized as the driving force on how firms adapt strat-
egy, approaches vary a lot between firms.

“We have seen that how firms approoch regulation distinct info two groups. Firstly,
there are prooctive ployers towards both the octual business and policy mokers.
Secondly, the opposing group are rather reactive players that wont to see what
hoppens and play it safe.” (lnterviewee 5)
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Inter- Position Relevant experience in | Duration

viewee years

1 CEO 15 Written answers +
58 min

2 Director 20 65 min + 50 min

3 Director 4 55 min

4 Senior Specialist 15 67 min

5 Consultant +20 1 h 44 min

6 Director 20 56 min + 51 min

7 Chairman of the | +25 57 min

Board

8 Vice President )1* 15 57 min

9 Senior Specialist +11 1h17 min

10 Consultant +10 1 h 39 min

11 Vice President 25 44 min 39 s

1* A joint interview with interviewee 7.

Appendix 3. Interview questions and guide - general

Background Information

Topic: RED Il & RFNBO-fuels
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Interviewee:

Place and Time: Microsoft Teams; Length & date.

Context: renewable hydrogen regulation (e.g. Renewable Energy Directive, Delegated
Acts, Jakeluvelvoitelaki) define what are renewable fuels and foremostly, create the
offtake demand and market for them. Every firm must understand regulation’s impact
on their own business if they want to participate in the renewable fuels industry ranging

from electricity supplying to end-use demand.

Case: The study’s case company, Andritz offers integrated P2X solutions for the produc-
tion of renewable hydrogen, e-methanol and e-ammonia. The services range from engi-
neering consulting to holistic Engineering, Procurement and Construction (EPC) project

delivery as well as plant life-cycle services.

General Introduction

1. What is your company and position?
2. Could you talk about your background?
3. How familiar are you with the hydrogen regulation? How do you approach regu-

lation?

Identifying regulation.

4. What does the regulation mean for the hydrogen economy?
5. What challenges does the regulation pose to you?

a. How have you solved these challenges?
6. What opportunities does the regulation present for you?

7. How does regulation impact [interviewee’s sector’s] business?

8. How could Andritz help its customers with overcoming the challenges and cap-

turing opportunities?
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9. How does the existing regulation support final investment decisions into P2X
plants?

10. How should regulation support final investment decisions into P2X plants?

EPC-Regulation and Business Model (background material)

11. What do you think of the EPC-regulation business model? (actual model pre-

sented during interview)

12. How could EPC- and technology providers help with regulation regarding _?
a. Understanding its meaning for different stakeholders’ business
i. Offtake case and project viability
ii. Risk management
b. Certification solutions
c. Standardized production and quality procedures

d. Scalable EPC-project models.
13. How could regulation mediate strategic choices? (e.g., degree of outsourcing de-
velopment, partnerships).

14. Anything additional to mention regarding the topic?

What if questions... for clarification and brainstorming
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Appendix 4. Secondary data sources

liament, SSAB,
Farming indus-
try,

mand for renewable
hydrogen. 3th of July
2025.

S.NO | Source Type Position Details Time
1 Lobby group. | Interview Specialist Policy implementa- | 59 min
tion. February 2025.
2 Lobby group | Lobbying Industry Repre- | Policy implementa-| 1 h 30
sentative tion. March 2025. min
3 FITECH & The | Public Four industry | Hydrogen Economy: | 42 min
Finnish  Hy- | webinar expert guests The Clean Industrial
drogen Clus- Deal’s Impacts.
ter.
4 ICPEI Hydro- | Public Four industry | RFNBO Certification. | 1 h 30
gen. webinar expert guests 11t of April 2025. min
5 Internal Workshop | Business De- | Strategic planning: | +25 h
meetings & | velopment regulatory analysis,
interviews. | (BD) Vice Presi- | market modelling.
dent, 2x BD | March, April & May
manager, BD | 2025.
director & con-
sultant.
6 Expert Workshop | BD manager & | Regulation & strat- | 5h
consultant. egy discussion. Janu-
ary-February 2025.
8 Internal Workshop | 2x BD manager, | Certification Portfo- | 3 h 35
& discus- | consultant. lio Development. 4™ | min
sion of June 2025.
9 Hydrogen Eu- | Public 2x public offi- | REDIII transport sec- | 1 h 30
rope. webi- cials, oil & gas | tor implementation. | min
nar/Panel | specialist, H2 | 5% of June 2025.
discussion | production
specialist, & a
technology
consultant
from the USA.
10 Hydrogen Eu- | Public Member of the | Lead markets, creat- | 1 h 30
rope. webinar European par- | ingthe European de- | min
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First-order concept Interviewee 4 10 11 sSUM
Capex management X X 5
Fossil competition X X X 5
Regulation predictability X X X X 5
Regulatory volatility X X X X 5
Market modelling X X X [}
Marginality X X X [
Customers/Consumers X X X X [
Offtake market 2
Risk Avoidance X X X X X [
Cost competitiviness X X X X 7
Infrastructure readiness X 3
Investment conditions X 2
First Mover Advantages 2
Product standards X 2
Industry Standards X X 4
Market Dynamics X X X 4
Customer regulation dialogue 3
Hard to copy 1
Technology ownership X X [}
Levelized Demand 1
Bankability X X X X 8
o
First Mover Disadvantage X X X 4
First Mover Risk advantage X 2
Feasibility with mandates X X X 7
Lcor X X X X 6
Economies of scale X X X X X 9
Long-term commitment X X X X 4
Lack of Benchmark X X 3
Greenfield investments X 2
Investment location x X 4
Risk Management X X X X [}
Project optimization X 2
Field of competition X 4
Technology maturity 1
Metwork Interdependencies X X X X [
Technology Partnerships X 4
Infrastructure Interdependency X X X X X 7
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